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PROBABILITY LEARNING IN CHILDREN 1? 


HAROLD W. STEVENSON ax» EDWARD F. ZIGLER 


University of Texas 


There has been a great deal of in- 
terest during recent years in the in- 
vestigation of probability learning in 
human Ss. In a large number of 
studies (1, 4, 5, 10, 11, 12, 14) it has 
been found that Ss tend to match the 
stimulus probabilities with their 
guesses. At the same time, it has 
been found that under certain condi- 
tions Ss tend to maximize their fre- 
quency of choosing the more fre- 
quently reinforced stimulus. Among 
these are the presentation of a 
gambling task or a game of skill 
rather than a problem-solving task 
(7, 9), an increased number of training 
trials (3, 6), the presence of a distract- 
ing stimulus (18, 19), and the lack of 
information concerning the appro- 
priateness of some responses (2, 3, 
14). 

'These studies have been done pri- 
marily with college students as Ss. 
It would be of interest to determine 


l'The writers wish to express their apprecia- 
tion to Morton Weir for testing the Ss and for 
suggestions concerning the conduct of the study. 
They also wish to thank Raymond Vowell, 
Superintendent, and Barbara Nellis, Chief Psy- 
chologist, of the Austin State School, and the 
Directors of the Tarrytown Methodist, Jack and 
Jill, Donnelly, and St. Austin Nursery Schools. 

?'This study was supported by a grant from 
the National Science Foundation (Grant 3280) 
to the senior author. 


whether behavior similar to that of 
these Ss might be found with other 
populations of Ss, and to explore other 
conditions which might influence the 
tendency of Ss to choose the more 
frequently reinforcing stimulus. The 
present study, therefore, is concerned 
with testing normal and institution- 
alized feebleminded children in a 
situation similar to that which has 
been presented to adult Ss, and with 
determining whether the behavior of 
normal children in a probability learn- 
ing task can be influenced by pre- 
training experience with different 
probabilities of reinforcement. Three 
experiments are presented and the 
hypotheses tested in each are discussed 
in later sections. 


EXPERIMENT I 


The purpose of this experiment is 
to determine whether the responses of 
normal children in a_ probability 
learning task are similar to those of 
adult Ss. A three-choice, contingent 
procedure was used in which the re- 
sponse to only one stimulus was rein- 
forced. In this situation, adult Ss 
have been found (14) to show a rapid 
increase in frequency of choice of the 
reinforced stimulus and to reach an 
asymptotic level of response slightly 
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above that corresponding to the fre- 
quency of reinforcement. 


Method 


Subjecis.—The Ss consisted of 45 children 
attending nursery schools in Austin, Texas. 
The Ss were selected at random from among 
children of the appropriate CA enrolled in the 
schools. The average CA was 5.5 yr. 

Apparatus.—The apparatus consisted of a 
yellow vertical panel 22 in. long and 16 in. high 
on which was centered a row of three identical 
black knobs. The knobs, 1} in. in diameter, 
projected 1 in, from the panel and were 2 in. 
apart. A red signal light was mounted on the 
midline, 2 in. from the top of the panel, and a 
hole through which marbles were delivered was 
centered 7 in. from the bottom of the panel. 
The marbles fell from the hole into a small en- 
closed.box. The box had a clear plastic top and 
front which enabled S to see the marbles but 
not to handle them. 

A mechanism behind the panel provided for 
the dispensing of the marbles and for the meas- 
urement of latency of response. The switch by 
which Æ turned on the signal light also turned on 
an electric timer, When S pushed one of the 
knobs, the light was automatically turned off 
and the timer stopped. In addition, the knob 
dislodged a marble which fell down a chute into 
the box. 

Procedure.—The S was seated in front of the 
apparatus and was told that he was to play a 
game, The E demonstrated the apparatus and 
said, “When the light comes on, you push one of 
the knobs, If you push the correct knob a 
marble comes out here like this. Now every 
time the light comes on you push the knob that 
you think will get you the marble. Remember, 
just push one knob each time the light comes on.” 
The S was told that he was to get as many 
marbles as he could and when the game was over 
he could choose two toys from a selection of 
toys including balloons, plastic figures, etc., 
which E showed him. The E took a position 
behind the apparatus and did not interact fur- 
ther with S during the experiment. A second 
E seated in a distant part of the room behind S 
recorded the responses and their latencies. 

"Three conditions which differed in the per- 
centage of reinforcement of correct response 
were used. For each S, one of the three knobs 
(either L, M, or R) was designated as the correct 
knob. The particular knob that was correct 
yielded reinforcement; choices of the other two 
knobs were never reinforced. In the three 
conditions the correct knob yielded 100%, 66%, 
and 33% reinforcement, respectively. In the 
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66% and 33% conditions the trials on which a 
choice of the correct knob was reinforced were 
determined by a prearranged random schedule. 
The schedule was utilized in such a fashion that 
it insured S would receive the desired percentage 
of reinforcement of correct responses, Fifteen 
Ss were assigned at random to each of the three 
conditions. The Ss were given 80 trials and at 
the completion of the experiment S was allowed 
to select his prizes. 


Results 


The three groups differed consis- 
tently throughout the 80 trials in the 
incidence of correct response, as may 
be seen in Fig. 1. An analysis of vari- 
ance revealed that the differences 
among the groups were significant at 
beyond the .01 level (F = 7.39). 

The general tendency seen in Fig. 1 
is for the frequency of correct response 
to increase for a short period and then 
to level off. The 33% group did not 
show a significant improvement in 
performance between the first 20 and 
last 20 trials (¢ = 1.66, P > .05). 
The change in performance from the 
first 20 to the last 20 trials was sig- 
nificant for both the 66% (t = 4.00, 
P «.01) and the 100% group 
(t = 2.97, P < 01) 

The values of the asymptotic level 
of response, as estimated from per- 
formance on the last 20 trials, were 
97, .79, and .53 for the 100%, 66%, 
and 33% groups, respectively. The 
values are quite similar to those ob- 
tained by Neimark (14), who tested 
adult Ss under similar conditions with 
100% and 66% reinforcement. The 
asymptotic levels of response obtained 


? Forty extinction trials were given to these Ss 
immediately after the training trials. During 
the extinction trials no response was reinforced. 
The difference in the frequency of choice of the 
stimulus correct during training between the last 
10 acquisition trials and the last 10 extinction 
trials was significant for the 66% group (t = 
2.38, P < .05) and in the 100% group (t= 
2.51, P < .05), but not for the 33% group (t = 
146, P » .05). 
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CORRECT RESPONSES 


MEAN 


— LLL s án 
owes t trate ge A a i i 
BLOCKS OF TEN TRIALS 


Fic. 1. Mean number of correct responses by 
normal children for blocks of 10 trials. 


by Neimark for the last 20 of 100 
training trials were .99 for the 100% 
group and .83 for the 66% group. 

There was a tendency for the aver- 
age latencies of response in the 100% 
and 66% groups to decrease during 
the course of the 80 trials in the 
manner expected in learning problems 
of different difficulty. The changes 
for the 33% group were more erratic 
and appeared to represent a different 
process from that of the other two 
groups. An analysis of variance of 
the latency scores of the three groups 
during acquisition is not significant 
(F <1). 

Experiment II 


Goodnow (7), in an analysis of the 
determinants of choice behavior, has 
suggested that one of the conditions 
influencing whether or not S will 
maximize his guesses of the more fre- 
quently reinforced stimulus is the 
level of success S will accept in the 
task. Goodnow suggests that max- 
imizing behavior will be found when S 
will accept less than 100% success as 
a good final outcome, while other 
distributions of choices will be found 
when S has an interest in 100% suc- 


cess or in a level of success which is 
greater than that allowed in the 
situation. 

On the basis of this analysis, it may 
befhypothesized that different types 
of behavior will be obtained with Ss 
who differ in the degree of success that 
they have learned to expect. Normal 
Ss, such as those of Exp. I and of most 
previous studies, may be assumed to 
have learned, on the basis of their 
everyday experience, to expect a high 
degree of success. Maximizing be- 
havior would not be predicted for 
these Ss. Institutionalized feeble- 
minded children, however, may be 
assumed to have learned to expect and 
to settle for lower degrees of success. 
These Ss, therefore, would be pre- 
dicted to maximize their choices of the 
reinforced stimulus to a greater degree 
than would normal Ss. It is the 
purpose of this experiment (a) to 
determine whether institutionalized 
feebleminded Ss do tend to maximize 
their choices in such a manner, and 
(b) to determine whether their choices 
of the reinforced stimulus differ signifi- 
cantly from those found for the 
normal Ss in Exp. I. 


Method 


Subjects—The Ss consisted of 30 feeble- 
minded children chosen at random from among 
individuals of appropriate MA and CA residing 
at the Austin State School. The individuals 
were all of the familial type of mental deficiency 
and no individuals with gross motor or sensory 
disturbances were used. "The Ss were selected 
so that their average MA would be comparable 
to that of the normal Ss in Exp. I. Previous 
testing with the Stanford-Binet of more than 80 
Ss from the population from which Ss in Exp. I 
were selected revealed an average IQ of 119. 
On the basis of this it was assumed that the Ss 
in Exp. I had an average MA of approximately 
6.5 yr. The average MA of the feebleminded 
Ss was 6.1 yr. and their average CA was 12.8 yr. 

Apparatus and procedure —The same appara- 
tus and procedure employed in Exp. I were used. 
Ten feebleminded Ss were tested in each of the 
three conditions. k 
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Results 


The frequencies of correct response 
made by the three groups of Ss are 
presented in Fig. 2. An analysis of 
variance of these data indicated that 
the three groups did not differ signifi- 
cantly in frequency of correct response 
(F = 2.91, P 2.05). This is in 
marked contrast with the results for 
the normal Ss, where a highly signifi- 
cant difference among groups was 
found. í 

All three groups showed significant 
increases in frequency of correct re- 
sponse between the first 20 and last 
20 trials. The difference is significant 
at less than the .05 level for the 100% 
(t = 2.77) and 33% groups (t = 2.48), 
and at less than the .01 level for the 
66% group (t = 6.69). 

The normal and feebleminded Ss in 
the, 100% groups would not be ex- 
pected to differ in frequency of correct 
response during the acquisition trials, 
for complete success is possible in 
these groups. The prediction is sup- 

. ported; the averages of 67.5 correct 
responses for the feebleminded Ss and 
70.1 for the normal Ss do not differ 
significantly (t = .33). 
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Fic. 2. Mean number of correct responses by 
feebleminded children for blocks of 10 trials. 
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The feebleminded Ss, according 
to the hypothesis presented earlier, 
would be predicted to show a higher 
frequency of correct response than 
normal Ss in the 33% and 66% condi- 
tions. Two measures were used to 
test this prediction, the total number 
of correct responses and the change in 
performance between the first and last 
quarters of the acquisition series. An 
analysis of variance of total number 
of correct responses for the four groups 
resulted in an F of 2.41, which is not 
significant at the .05 level. The dif- 
ference between the numbers of cor- 
rect responses made during the first 
and last quarters of acquisition by the 
four groups of Ss were highly signifi- 
cant (F = 5.35, P < .01). The dif- 
ference associated with type of S was 
highly significant (F = 12.74, P < .01). 
Neither the difference associated with 
conditions of reinforcement (F = 3.22, 
P > .05) nor the interaction between 
type of S and condition of reinforce- 
ment was significant (F < 1.00). 
The feebleminded Ss had a greater 
change in performance between the 
first and last quarters of acquisition 
than the normal Ss in both the 66% 
(t = 3.52, P < .01) and, with a one- 
tailed test, in the 33% group (t = 1.81, 
P « .05). 

'The differences among the average 
latency scores for the three feeble- 
minded groups are not significant 
(F = 1.82, P > .05). An analysis of 
variance of the latency scores for the 
normal and feebleminded Ss indicated 
no significant differences among the 
six groups (F < 1.00). The latency 
curves of the feebleminded Ss have 
the same trends as those of the normal 
Ss. 


Experiment III 
The purpose of Exp. III was to 


determine whether the behavior of 
normal Ss in the task can be influ- 
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enced by pretraining with games in- 
volving different frequencies of rein- 
forcement. It is assumed, in the 
manner outlined in Exp. II, that there 
will be less of a tendency for maxi- 
mizing behavior to occur with Ss who 
have learned to expect high degrees of 
success than with those who have 
learned to expect lower degrees of 
success. It is predicted, therefore, 
that Ss with pretraining on other 
tasks with high frequencies of rein- 
forcement will show a significantly 
lower frequency of choice of the rein- 
forcing stimulus than will Ss who have 
pretraining with lower frequencies of 
reinforcement. 


Method 


Subjects.—The Ss consisted of 30 preschool 
children attending the same nursery schools as 
Ss in Exp. I. The Ss were selected at random 
from among the children who had not performed 
in Exp. I. The mean CA was 5.9 yr. 

Apparatus—Four tasks were used—the 
learning task used in Exp. I and II and three 
experimental games. 'The apparatus for the 
learning task was modified so that a small open 
box from which S could remove the marbles re- 
placed the enclosed box. A marble board, with 
50 holes into which S could place the marbles, 
was also used. 

. The games were the Card Game, the Picture 
Game, and the Nursery School Game. The 
Card Game apparatus consisted of two sets of 
cards, "The cards were constructed of 2 X 3-in. 
cardboard on which were mounted small rec- 
tangles of black or red paper. One set contained 
12 red cards and the other contained 8 black and 
4 red cards. The Picture Game apparatus con- 
sisted of (a) 12 cards similar to those in the Card 
Game, each bearing a rectangle of a different 
color; (b) a panel containing a 7-in. square milk- 
glass screen; (c) a slide projector; and (d) 12 
slides depicting different animals. The Nurs- 
ery School Game apparatus consisted of (a) two 
green panels 17 in. square, each containing six 
hooks; and (b) 12 pictures of young children 
mounted in plastic covers with a wire loop at the 
top of each picture. 

Two additional marble boards were also used, 
one containing 36 holes, and one containing 12 
‘holes. 

Procedure.—The Ss were presented with the 
three games followed by the learning problem. 
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"The Ss were divided at random into two groups 
of 15 Ss each. Group 1 received 100% rein- 
forcement and Group 2 received 33% reinforce- 
ment during the games. All Ss received 66% 
reinforcement during the learning problem. The 
games were dissimilar to each other and to the 
learning task. Since the games did not involve 
learning, the different percentages of reinforce- 
ment could be given regardless of the specific 
responses Ss made. 

The S was seated at a small table and was 
told, “We’re going to play several different kinds: 
of games today and you can win some nice 
prizes.” The E displayed prizes of the same 
types used in Exp. I and II, and proceeded with 
the instructions for the first game. During 
these instructions S was told that he would re- 
ceive marbles for correct responses and was 
shown a marble board which he was to fill. The 
marble boards for the two groups differed; the 
36-hole marble board was given to Ss in Group 1 
and the 12-hole marble board to Ss in Group 2. 
The number of holes in the marble board cor- 
responded to the number of times that S would 
be reinforced during the period in which S played 
the three games. The S was further told that 
when he filled the marble board he would be 
given another marble board which he could fill 
and could exchange for his choice of prizes. The 
use of different marble boards during this period 
was introduced to insure that the two groups of 
Ss, although receiving different numbers of rein- 
forcements, would have attained the same de- 
gree of accomplishment towards their goal. The 
S was then allowed to proceed with the three 
games. The order in which the three games were 
played was randomized among Ss. 

"The instructions and procedures for the three 
games are described below: 

In the Card Game, one of the decks of cards 
was placed in front of S. He was instructed to 
draw one card at a time from the top of the deck, 
He was told that every time he drew a red card 
he would be given a marble for his marble 
board. The S was allowed to draw 12 cards. 
The decks were prearranged so that for Group 1 
the top 12 cards were red, and for Group 2 the 
top 12 cards contained 4 red cards and 8 black 
cards randomly mixed, 

In the Picture Game, S was shown the appara- 
tus and was told that as pictures appeared on the 
screen he was to select the card that went with 
the picture. There was no principle by which S 
could select an appropriate card, and reinforce- 
ment was given arbitrarily, depending upon the 
group in which S was placed. For Group 1, all 
of S's responses were reinforced by E's telling S 
that he was correct and giving S a marble. For 
Group 2, 33% of S's responses were reinforced. 
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The four responses reinforced were determined 
by a prearranged random sequence. 

In the Nursery School Game, S was told that 
the panels represented nursery schools and that 
half of the children in the pictures went to one 
nursery school and half to the other. The S was 
instructed to place each child in the nursery 
school which S thought the child attended. 
There was no principle by which the pictures 
could be separated and again reinforcement was 
given arbitrarily, depending upon the group in 
which S was placed. All of S's responses in 
Group 1 were reinforced and 33% of S's responses 
in Group 2. The responses reinforced in Group 
2 again followed a prearranged random sequence. 

After completing the games S was asked to 
give the filled marble board to E and was given 
the marble board containing 50 holes. The S 
was told that when this marble board was filled 
he could select his prizes. The £ then intro- 
duced the learning task. "The instructions for 
this task were identical to those described in 
Exp. I and II, except that S was told to remove 
the marbles from the box after each reinforced 
trial and to place them in the marble board. 
"The procedure did not differ for Groups 1 and 2; 
all Ss were tested under the 66% reinforcement 
schedule described in the previous experiments. 
"The Ss were given 80 trials and were then given 
their prizes. 


Results 


The results of the study are pre- 
sented in Fig. 3. Following the 
initial 10 trials the groups differed 
consistently. The Ss receiving. 100% 
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reinforcement on the games preceding 
the learning problem (Group 1) chose 
the correct knob less frequently than 
Ss who had received 33% reinforce- 
ment (Group 2). The correct knob 
was chosen an average of 44.7 times 
in Group 1 and 56.6 times in Group 2. 
The difference is significant at beyond 
the .025 level with a one-tailed test 
(t = 2.11). 


Discussion 


In this study it was assumed that 
children learn to expect certain fre- 
quencies of reinforcement on the basis of 
their everyday experience, and that 
children living in a normal, responsive 
environment develop a higher expectancy 
of reinforcement than do children living 
in an institution. It was also assumed 
that the expectancies that children 
develop may be modified by manipulat- 
ing the frequency of reinforcement that 
the child receives in an experimental 
setting. It was hypothesized that differ- 
ent types of behavior would be obtained 
with Ss who differ in the degree of 
success that they have learned to expect, 
and it was predicted that Ss with low 
expectancies would show a greater fre- 
quency of choice of the reinforcing 
stimulus than would Ss with higher ex- 
pectancies. This would result from the 
attempt by Ss with higher expectancies 
to seek, through variable behavior, a 
means by which they could obtain a 
frequency of reinforcement correspond- 
ing to the frequency which they expect. 

The total number of correct responses 
made by three groups of normal children 
receiving different percentages of rein- 
forcement differed significantly, but the 
number of correct responses made by 
three groups of feebleminded children 
tested under the same procedure as the 
normal Ss did not. The two types of Ss 
differed significantly in rate of learning 
under both 66% and 33% reinforcement, 
but did not differ significantly under 
100% reinforcement. In learning a re- 
sponse which yielded 66% reinforcement, 
normal Ss receiving 100% reinforcement 
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on pretraining games showed signifi- 
cantly poorer learning than did Ss re- 
ceiving 33% reinforcement on the pre- 
training games. 

In Exp. I it was found that the mean 
response levels of normal children were 
similar to those for groups of adult Ss 
given 66% and 100% reinforcement in a 
similar situation (14). The results are 
also similar to those of Messick and 
Solley (13), who found that children 
tend to approach an asymptotic level of 
response in a probability learning sit- 
uation. 

In the 33% and 66% groups of Exp. I, 
a tendency was found for Ss to follow one 
of two modes of response; they either 
adopted the correct response relatively 
quickly or persisted in variable behavior 
throughout all of the trials. Individual 
differences in responses on a two-choice 
task have also been reported by Ander- 
son and Grant (1). It is of interest that 
even Ss who persisted in responding in a 
variable fashion were able to tell E at the 
end of the experiment which knob had 
yielded reinforcement. The fact that 
Ss knew the correct response but did not 
make it supports the view that Ss with a 
high expectancy are unwilling to accept 
a solution which yields low frequencies of 
reinforcement. 

'There are several alternative inter- 
pretations of the differences in behavior 
of the normal and feebleminded children 
which differ from the one previously 
presented. One that seems quite reason- 
able is that institutionalized children 
may have less experience in playing 
games than normal children, hence are 
less likely to know the nature of such 
games. If this were the case, their be- 
havior might be similar to that of adult 
Ss, who, when tested in an obscure task, 
tend to depart from the probability 
matching behavior found in less obscure 
tasks (19). A second alternative inter- 
pretation is that feebleminded children 
may tend to choose the reinforced 
stimulus more frequently than do normal 
Ss because they are more rigid and tend 
to perseverate more than do normal Ss. 
'This interpretation does not, however, 
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appear to be tenable in light of the 
results of several recent studies in dis- 
crimination learning which show that 
normal and feebleminded Ss of the same 
MA do not differ in rigidity of response 
or in learning speed (16, 17). 

The results of Exp. III also provide 
support for the hypothesis that behavior 
in probability learning tasks is dependent 
upon Ss’ expectations concerning level of 
reinforcement. The fact that pretrain- 
ing with different frequencies of rein- 
forcement affects behavior in a prob- 
ability learning task is in accord with the 
results of experiments with adult Ss 
where the probability of reinforcement is 
shifted during the course of training. 
In these studies (5, 8, 15), differences in 
behavior have been found as a function 
of the shift in probabilities of rein- 
forcement. 

The form of the curves for the two 
groups in Exp. III tends to differ from 
that of the group in Exp. I which also 
received 66% reinforcement. The dif- 
ferences in the curves may be related to 
the differences in procedures used in the 
two experiments. In Exp. III, Ss were 
given a more defined goal than were Ss in 
Exp. I. The use of a more defined goal 
may lead to a greater tendency for Ss 
to maximize their choices of the rein- 
forcing stimulus. 


SuMMARY 


Three experiments are reported which in- 
vestigate the performance of children in a prob- 
ability learning task. In Exp. I and II, normal 
and feebleminded children were tested on a prob- 
lem where the correct response resulted in either 
100%, 66%, or 33% reinforcement. In Exp, III 
normal children were given pretraining on three 
nonlearning games with 100% or 33% reinforce- 
ment, and were then trained on the discrimina- 
tion problem with 66% reinforcement of the cor- 
rect response. Predictions were made from an 
hypothesis relating performance to Ss’ expected 
frequency of reinforcement. Feebleminded Ss 
performed at a higher level in the 33% and 66% 
conditions than normal Ss and at a comparable 
level in the 100% condition. The Ss in Exp. III 
receiving 100% reinforcement during pretraining 
made significantly fewer correct responses in the 
learning problem than did Ss receiving 33% 
reinforcement during pretraining. 
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The present program on the role of 
meaningfulness (m) in verbal learning 
began with the development of the m 
scale of association frequency (7), and 
proceeded to experimental studies of 
the effects of this variable upon serial 
learning (8) and  paired-associate 
learning (10). Using either method, 
Ss’ rate of memorizing two-syllable 
nouns and paralogs is a positive func- 
tion of m.? The latter two investiga- 
tions also discovered interactions be- 
tween Ss’ initial ability and their 
reactivity to differences in m. In all 
previous studies, however, the m 
values of the stimuli and responses 
were deliberately covaried, so the 
relative contributions of the S and R 
terms to the variance in performance 


1 This paper is based upon research performed 
by the junior authors under the guidance of the 
senior author, Experiment I was a 1957 under- 
graduate project by Stockwell reported to the 
American Psychological Association, Sept. 1957, 
Experiment II was a 1957 master’s thesis by 
Cieutat reported to the Southeastern Psychologi- 
cal Association, April 1958. We are grateful to 
Linda Cieutat and D. R. Gannon for checking 
the statistical analyses, and to B. I. Murstein 
and B. J. Underwood for helpful suggestions. 

2 These findings have been confirmed for serial 


learning by Dowling and Braun (1), and for 


paired-associate learning by Kimble and Dufort 
(2). As a further index of the m scale’s reli- 
ability (10, p. 16), Rocklyn, Hessert, and Braun 
(12) have shown that the defining operations 
(7) yield measurements which are practically 
invariant over age differences from 20 to 66 yr.: 
f-.96. 


have not yet been measured. "There 
exists the possibility of an SX R 
interaction with respect to m, as well 
as interactions with amount of prac- 
tice if wide ranges in proficiency are 
produced. 

Variants of the m scale have also 
been applied to consonant-vowel- 
consonant or “CVC” material (11) 
with similar effects on paired-associate 
acquisition (4, 5, 6, 11, 13, 14). In 
this second group of experiments the 
association values of S and R were 
separately manipulated in two cases 
(5, 13), but no attempt was made 
simultaneously to evaluate the role of 
individual differences. To determine 
the extent to which initial ability 
interacts with the locus of meaning- 
fulness in paired-associate CVC learn- 
ing, the S and R terms must be 
independently varied with respect to 
this factor. Because of its method- 
ological status, known reliability, and 
current relevance to the population 
available to the writers, the m’ scale 
(11) will be employed for the second 
objective. This x/c scale consists of a 
random sample of 100 CVC syllables, 
rated for number of associations by 
200 Ss, whose measurements were 
transformed into deviates of the 
normal curve by the method of suc- 
cessive intervals. It has been shown 
(11) that the relationship between m 
and m’ is positive, thus rationalizing 
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the definition of m’ as an estimate of 
m. This implies that both operations 
reflect quantitative changes in the 
same hypothetical concept: the num- 
ber of habit connections evoked by a 
given stimulus (7). 

The two experiments described here 
will investigate (a) the nature of S 
and R combination in paired-associate 
learning under manipulations of m and 
m’, (b) the interaction of each of these 

“measures with amount of practice, 
and (c) the role of initial ability in 
determining the type and extent of 
such interrelationships when m’ is 
varied. Experiment I uses the m 
scale and the pronunciation method, 
whereas Exp. II uses the m’ scale and 
the spelling method. ; 


EXPERIMENT I 


After considering evidence from earlier studies 
of the influence of meaningfulness, Noble and 
McNeely proposed the S-R motor-patterning 
hypothesis that “differential facilitation is pri- 
marily connected with responding (articulation) 
and that stimulus factors are of secondary im- 
portance” (10, p. 21). The following predictions 
were made for a 2 X 2 factorial design employing 
four independent groups of Ss practicing homo- 
geneous paired-associate lists: “(a) the simple 
effect favoring high S-high R meaningfulness 
(e.g., m = 6-9) over low S-low R meaningfulness 
(e.g., m = 0-2) will be greater than for any 
other comparison, and (b) the difference in the 
main effect of m on the response side will be 
greater than the comparable difference on the 
stimulus side. Given (a) and (b), the likelihood 
of intrinsic S-R interaction with respect to m 
is slight" (10, p. 21). 

"The last sentence reveals the uncertainty of 
current knowledge about the nature of S and R 
combination in paired-associate learning. If 
the relationship is intrinsically non-additive when 
m is varied, and if this interaction should itself 
interact with number of trials (N), then it is 
conceivable that the S X R variance in a simple 
factorial experiment might be averaged out in 
criterion scores due to ignoring the trend factor 
N. Data reported in an unpublished study by 
Sheffield (13) indicate such a possibility, as 
pointed out earlier (8, p. 443). 

For this reason, the present experiment will 
test these implicates in an S X R X N mixed 
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factorial design (3, Type III), thereby jointly 
evaluating the three-factor interaction in addi- 
tion to the main effects and two-factor inter- 
actions. As far as the basic issue underlying 
so-called “perceptual” (2, p. 363) and “motor” 
(10, p. 22) principles of verbal learning is con- 
cerned, it is evident that when the N classifica- 
tion is disregarded this more complex design 
includes the 2 X 2 factorial conditions proposed 
above, 


Method 


Apparatus.—The learning device consisted of 
a Patterson memory drum set to present the 
paired associates at a 4-sec. rate with a 4-sec, 
intertrial interval? The S term was exposed for 
2 sec., followed by S and R together for 2 sec. 
An idler attachment permitted four sets (trials) 
of 10 pairs to be presented in series to S without 
changing tapes. Six tapes were constructed, 
each containing a practice and an experimental 
list typed in capital letters. "There were four: 
different random trial sequences for each list, 
and the series was repeated on Trials 5 and 9. 
On each tape the practice list appeared on the. 
right side, the experimental list on the left. 
Sliding shutters over the aperture of the memory 
drum permitted one list to be covered while the 
other was being presented. 

For the practice list, 10 pairs of three-syllable 
adjectives were used as in a previous study (10), 
the four trial sequences being the same for all Ss. 
This practice period was intended to reduce vari- 
ability due to learning-to-learn and to provide 
comparisons of the initial ability and predictabil- 
ity of the four groups. For the experimental 
lists, 40 items were drawn from the high (H) and 
low (L) extremes of the m scale (7) such that the 
mean median m value of the 20 H items was 7.50 
and that of the 20 L items was .29. Each of 
these lists consisted of 10 pairs of two-syllable 
nouns or paralogs, combined so as to avoid 
mediated associations and similar sources of 
bias (10). 

Subjects.—The Ss consisted of 80 undergradu- 
ate students at Louisiana State University. 
"There were 44 women and 36 men, whose ages 
ranged from 18 to 31 (mean = 20.7 yr.). All 
were naive with respect to paired-associate 
learning. 

Procedure.—Four experimental groups were 
formed in terms of the possible combinations of 
the m values of the S and R items: H-H, L-H, 
H-L, and L-L. In Groups L-L and H-H the 
pairs were reversed for half the Ss, and the pairs 
learned by Group L-H were reversed for Group 


3 Photographs of this device appear in Wick- 
ens and Meyer (15, p. 59). 4 
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H-L, giving six lists in all. There were 20 Ss in 
each group, assigned consecutively by fives to the 
six lists in a counterbalanced order. Each time 
a list was repeated, it began with a different trial 
sequence. Thus, all four sequences appeared 
equally often for the four experimental groups. 

Each S received 12 trials on the practice list. 
After a 2-min. rest, this was followed by 12 trials 
on the appropriate experimental list. During 
the rest period between lists Z engaged S in con- 
versation. The experiment was performed in an 
air-conditioned laboratory, so the temperature 
and humidity conditions were quite constant. 

"The instructions to Ss were the same as in the 
earlier study (10). On the first presentation of 
the list (Trial 1), S merely read the paired words 
aloud and standard pronunciations were estab- 
lished. Attempted anticipations of the correct 
responses began on the second presentation 
(Trial 2). The correction procedure was used, 
and both S and R were pronounced. 


Results 


To evaluate the?comparability of 
the four groups before introduction of 
the experimental treatments, a simple 
4X 1 analysis of variance was per- 
formed upon the total number of 
correct responses (R+) made during 
Trials 2-12 on the practice list. The 
F ratio is only .13, which for df = 3/76 
is not significant. The experimental 
groups, therefore, may be considered 
to be of equal initial ability. 

Table 1 presents a 2 X 2 analysis of 
the average performance of each group 


TABLE 1 


Mean Torat Correct Responses (R+) 
Durine Trrats 2-12 in Exp, I 


m Value of 
m Value of R Term Row | S-Dif- 
S Term ties Means | ference 
L (0.29) | H (7.50) 

L(0.29) 34.00 | 85.40 | 59.70 
H(7.50) 71.60 | 92.75 | 82.18 | 22.48 
Column 52.80 | 89.08 

Means 
R-Difference 36.28 
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PERCENTAGE OF CORRECT RESPONSES 


v 21 s r4 78/797 1-7 ze io IS NACUR. 
ORDINAL NUMBER OF TRIAL (N) 


Fic. 1, Acquisition curves for lists of 10 
paired associates as a function of practice (N) in 
Exp. I. The four S-R combinations of low (L) 
and high (H) meaningfulness (m) represent the 
parameter. Each curve contains 20 Ss. 


on the experimental lists. The order 
of increasing difficulty in terms of cell 
means is: H-H, L-H, H-L, L-L. 
From the main effects of the S and R 
terms, it can be seen that the average 
difference due to R is greater than 
that due to S. 

Figure 1 shows the percentage of 
correct responses as a function of 
practice, with type of S-R pair as the 
parameter. The curves are quite 
regular with no inversions during the 
entire training period. 'There is a 
tendency for negative acceleration to 
occur when the R term has high m 
value, and for the curves to be linear 
or slightly positively accelerated when 
the R term has low m value. Group 
L-L is markedly inferior to the other 
three groups, but it seems to be ap- 
proaching the same asymptote. 

A2X2X11 analysis of variance 
of the number of correct responses 
made by the four groups during Trials 
2-12 is summarized in Table 2. All 
main effects and interactions are 
significant. In variance terms, the 
relative magnitudes of the inter-indivi- 
dual comparisons are: o!g > o’s 
2 osr. For the  intra-individual 
comparisons the order is: oy > o’sRN 
> rN > o’sn. It is interesting to 
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TABLE 2 
ANALYSIS OF VARIANCE OF NuMBER oF CORRECT 


Responses (R+) Durme Triats 2-12 
tn Exp, I 
Source df MS F 

Between Ss 79 
Stimulus (S) 1 918.41 49.46* 
Response (R) 1 | 2392.50 | 128.84* 
SXR if 415.94 22.40* 
Error (b) 76 18.57 

Within Ss 800 
"Trials (N) 10 | 400.61 | 328.37* 
SXN 10 5.10 4.18* 
RXN 10 8.42 6.90* 
SXRXN 10 8.55 7.01* 
Error (w) 760 1.22 

Total 879 

*P <,001, 


observe that the variance of R exceeds 
the variance of S, and that R interacts 
more with N than S does. 

To determine the predictability of 
each group from initial ability meas- 
ures, product-moment correlations (r) 
were computed between the total 
correct responses (R+) on the prac- 
tice list and the same score on the 
experimental lists. The correlations 
are as follows: .45 (H-H), .51 (L-H), 

72. (H-L), and .81 (L-L). This 
systematic progression could mean 
that validity increases with difficulty, 
but the observed trend is probably due 
merely to greater restriction of range 
in the easier lists. The average r 
calculated by Fisher’s Z transforma- 
tion is .65, which is consistent with 
the .50 reported previously (10) using 
trials-to-criterion scores. 


Discussion 


Sheffield’s (13) experiment is rather 
closely akin to Exp. I. He employed so- 
called "nonsense" CVC’s and familiar 
three-letter words to constitute two 
levels of high (H) and low (L) “meaning- 
fulness." The Ss practiced heterogene- 
ous lists containing the four possible S-R 
combinations of the H and L items: 
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HLH, L-H, HLL, and L-L. Both S and- 
R were pronounced and 10 trials were 
given. The pairs were learned with the 
increasing rank order of difficulty stated - 
above. Regardless of the nature of the 
S term, greater over-all proficiency was 
attained when the R term was an actual - 
word than when it was a CVC syllable, 
Specifically, the difference between the. 
mean levels of the two high-R and two 
low-R conditions exceeded the difference, 
between the mean levels of the respective 
high-S and low-S condition. This im- 
plied the dominance of response factors 
over stimulus factors in paired-associate 
learning. 

Unfortunately, Sheffield did not report 
a statistical test of S X R interaction, 
due probably to nonindependence of the 
four conditions. Graphs of his Ss’ 
curves indicated, however, that the 
initial separation of H-H and L-H was 
greater than that of H-L and L-L but 
tended to become equalized with prac- 
tice. This suggests the possibility of 
interaction, but artifacts could have re- 
sulted since the H and L items were not 
actually quantified by means of common 
operations. Reviewing this experiment 
in 1952, Noble (8) proposed using the m. 
scale in an appropriate design to deter- 
mine whether a significant S X R inter- 
action is present. 

Turning now to the present data, we 
recall that the first prediction from the 
S-R motor-patterning hypothesis (10) 
was that there would be a greater differ- 
ence between Groups H-H and L-L than 
between any other two groups. This is 
confirmed by Table 1 and Fig. 1, and is 
in general agreement with five other 
paired-associate experiments (6, 10, 11, 
13,14). Two exceptions are a study by | 
Kimble and Dufort (2, Exp. II), in which | 
the order of proficiency was L-H, H-H, | 
H-L (no L-L condition being given), and 
a study by Mandler and Campbell (5, 
Exp. D), in which the order was H-H, 
L-L, L-H, H-L. Both sets of results, 
however, are difficult to compare with | 
Table 1. Aside from the complications 
of a confounded design (10, p. 21), half 
the Kimble-Dufort items were unscaled 
three-letter words, and the Mandler- 


PAIRED-ASSOCIATE LEARNING 


Campbell CVC data came from three 
different groups of Ss (N = 12) un- 
matched for ability. In a more adequate 
follow-up study (5, Exp. II) using a 
larger sample (N = 30) and a constant- 
trials design, however, Mandler and 
Campbell obtained the following rank- 
ing: H-H, H-L, L-H, L-L. The extremes 
are as predicted but the middle groups 
are\reyersed. 

The second expectation (10) was that 
the variance attributable to R would be 
greater than that attributable to S. 
This is confirmed by Table 1, where the 
main effect (mean difference) of R is 
36.28 correct responses vs. 22.48 for the 
main effect of S. Although Sheffield’s 
(13) findings agree, the Mandler-Camp- 
bell (5) data do not; and the Kimble- 
Dufort (2) design is inappropriate. 
Such equivocal reports are not surprising 
in view of the methodological differences 
among these experiments. This con- 
stitutes one reason for performing Exp. II 
below. From Table 2 it may be seen 
that the size of g?r is approximately 2.6 
times that of c?s, indicating that the 
meaning-learning correlation is primarily 
a response effect and that the stimulus 
factor is secondary. If our rationale 
linking m and m' is correct (7, 11), a 
similar phenomenon ought to occur in 
the learning of CVC pairs. 

The remaining issue concerns the 
interactions. According to Fig. 1 and 
Table 2, there is a significant tendency 
for an increase in the z value of the S 
term to cause a greater difference in rate 
of acquisition when the R term has low 
m value than when the R term has high 
m value. Referring to Table 1, the 
difference between the simple effects 
(cell means) of Groups L-L and H-L is 
37.60 correct responses whereas the 
difference between Groups L-H and H-H 
is only 7.35. (There is a related tend- 
ency for increases in R to produce more 
facilitation when S is low than when it is 
high: 51.40 vs. 21.15 correct responses.) 
In Fig. 1 these interacting trends appear 
as differential acquisition rates, and 
Table 2 shows that both S and R as well 
as S XR interact significantly with 
amount of practice (N). Consistent 
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with the motor-patterning hypothesis, 
but not explicitly stated therein, is the 
fact that c?gw > sn. The ratio is 
about 1.6/1. 

Unlike Sheffield’s (13) curves, the 
SXR interaction in Fig. 1 is of a 
different type and does not disappear 
late in practice. Furthermore, due to 
the use of independent Ss and homo- 
geneous lists, the level and range of diffi- 
culty are greater than when the same Ss 
and heterogeneous lists are used (10). 
This leads to the problem of extrinsic vs. 
intrinsic interaction (3, p. 124). In view 
of the fact that all our groups were well 
matched for ability, the Ss tested in- 
dividually, procedural factors equalized 
for each group, and the H and L items 
quantified by means of common opera- 
tions, it is unlikely that the significant 
SXR interaction is caused by ex- 
traneous decremental factors associated, 
say, with Group L-L and not with the 
other groups. We conclude, therefore, 
that the observed interaction is intrinsic; 
i.e., due only to the treatments and not to 
uncontrolled factors. 


Experiment II 


Our analysis of experiments using CVC syl- 
lables indicated that inadequate attention had 
been paid to the importance of initial ability (A) 
in determining the influence of S and R meaning- 
fulness. There is also a need for greater pro- 
cedural comparability between "verbal" and 
“syllable” experiments than has existed up to 
now. 

In order to perform a more comprehensive 
test of the Noble-McNeely hypothesis (10), 
Exp. II will expand the 2 X 2X Il, SX R X N 
design of Exp. I toa 3 X 3 X 20X SX R X 
N X A mixed factorial (3, Chap. 13), and apply 
it in the context of paired-associate CVC learn- 
ing. A prediction favoring the facilitative effect 
of the R term over that of the S term, when high 
(H), medium (M), and low (L) levels of m’ are 
used, suggests the following rank order of pro- 
ficiency for the nine experimental groups disre- 
garding ability: H-H, M-H, L-H, H-M, M-M, 
L-M, H-L, M-L, L-L. Assuming next that the 
same hypothetical factors are operating in learn- 
ing items from the m’ scale as from the m scale, 
Ss’ level of pre-experimental ability (A) should 
interact with the S, R, and N factors (8, 10), and 
the main effects and interactions observed in 
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Exp. I will be given an opportunity to be con- 
firmed or refuted, 


Method 


Apparatus—The memory drum and time 
constants were the same asin Exp. I. A practice 
list was constructed of 10 pairs of CVC syllables 
selected from Mandler’s (4) table to avoid over- 
lapping with the m’ scale. The experimental 
lists were taken from the Noble-Stockwell- 
Pryer m’ norms (11). Both the practice list and 
the experimental lists were presented in five 
random trial sequences and the series was re- 
peated on Trial 6, The practice period was 
intended to reduce variability due to learning-to- 
learn and to serve as an estimate of initial ability 
as in Noble and McNeely (10) and in Exp. I. 

Nine tapes were prepared, each having the 
10-pair practice list and one of the 10-pair ex- 
perimental lists typed in capital letters. The 
mean m’ values of the S and R terms in the ex- 
perimental lists varied from low (L =m’ of 
.68) to medium (M = m’ of 1.72) to high (H = 
m’ of 2.91) in all possible combinations: H-H, 
M-H, L-H, H-M, M-M, L-M, H-L, M-L, and 
L-L. Lists H-M, H-L, and M-L were composed 
of pairs formed by reversals of the items in the 
M-H, L-H, and L-M lists, respectively. 

The following criteria governed the con- 
struction of the lists: no consonant or vowel 
letters were duplicated in any pair (e.g., MOF- 
DOQ); no alphabetical sequence of consonants 
occurred within a single syllable (e.g., MEN) or 
from syllable to syllable in any pair (e.g., KEP- 
QAD); and no pairs constituted meaningful 
associations (e.g, BOR-DAL, GUD-YIR). 
In the randomization of the lists the following 
criteria were adopted: each list was considered a 
circular series and no pair appeared twice within 
any five consecutive positions (i.e., there were at 
least four intervening pairs before a repeat); no 
pair occupied the same serial position on any two 
adjacent lists; and no two pairs were in the same 
relative positions on two adjacent lists. 

Subjects.— The Ss consisted of 90 undergradu- 
ate students at Louisiana State University. 
"There were 35 men and 55 women, whose ages 
ranged from 17 to 27 (mean = 19.9 yr). All 
were naive with respect to paired-associate 
learning. On the basis of the total number of 
correct responses (R+) made on the practice list, 
Ss were classified as either Fast (R+ 7 6) or 
Slow (R+ < 5) learners (N = 45 each). Apilot 
study was conducted to determine the median 
(cut-off) score on this list. The mean of the 
Slow group was 2.0 R+’s, while that of the Fast 

group was 12.5 R+’s. 

Procedure.—EFach S received 10 trials on the 
practice list. After a 2-min. rest, this was fol- 
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lowed by 20 trials on the appropriate experi- 
mental list. During the rest period between 
lists, Æ engaged S in conversation. Five Ss in 
each of the two ability levels (A) were then ran- 
domly assigned to each of the nine lists in a 
counterbalanced order of trial sequences. To 
effect the matching, E had to change tapes oc- 
casionally and to reject a number of Ss. 

The instructions to Ss were similar to those in 
prior studies (10, 11), especially Exp. I. The 
correction procedure was used, and both S and 
R were spelled aloud. 


Results 


To evaluate the comparability of 
the nine groups within each A level 
before introduction of the experi- 
mental treatments, simple 9 X 1 anal- 
yses of variance were performed upon 
the total number of R4-'s made during 
Trials 1-10 on the practice list. 
Both F ratios are less than unity 
(df — 8/36). Even the combined F 
ratio is only .34, which for 8/81 df is 
not significant. The experimental 
groups, therefore, may be considered 
to be of equal initial ability, either 
preserving or disregarding the Slow vs. 
Fast classification. Differences in 
ability between men and women were 
also tested by comparing their cumu- 
lated R+ scores on the practice list. 
The ż ratio was 1.16 for 88 df, which is 
not significant. The average product- 
moment r between total R+-’s on the 
practice list and the same measure on 
each of the experimental lists is .63. 
This correlation is significant at the 
5% point for 8 df. For computation 
of the individual rs the scores of 
both ability groups were combined 
(N = 10) for each experimental list. 
Fisher Z transformations were then 
used to compute the average of the 
nine zs. The predictability of the 
present data is very similar to that 
reported previously (10) and in Exp. I. 

Table 3 presents a 3 X 3 analysis of 
the average performance of each group 
on the experimental lists. From the 
main effects of the § and R terms, 


PAIRED-ASSOCIATE LEARNING 


TABLE 3 


Mean Torat Correct RESPONSES 
(R+) Durinc Triats 1-20 


IN Exp, II 
/ Val f R T: 

m’ Value x nus e Row i Dit- 

ofS Term | — | — —]—|Means GEL) 
L(0.68) M (1.72) H (2.91) 

L(0.68) 6.0 | 16.7 | 30.5 | 17.7 
M(122) | 17.4 | 31.4 | 77.5 | 42.1 | 23.3 
H(291) | 21.0 | 47.2 | 548 | 41.0 
Column | 148 | 318 | 54.3 

Means 
R-Differ- 39.5 

ence 

(H-L) 


exactly as in Table 1, it is clear that 
the average difference due to R is 
greater than that due to S. 

A3x3xXx4X2 mixed factorial 
analysis of variance (3) was computed 
on the R+ scores of each subgroup 
(N — 5), arranged in four blocks of 
five trials each. The four factors in 
ths SXRXNXA design were 
stimulus meaningfulness (m/) at three 
levels (H, M, L), response meaning- 
fulness (m/) at the same three levels 
(H, M, L), number of practice blocks 
(N) at four levels, and initial ability 
(A) at two levels (Slow, Fast). 
There were thus 9 X 2 = 18 inde- 
pendent treatment groups of 5 Ss each 
practicing for 20 trials. The sum- 
mary analysis is shown in Table 4. 

It is evident that all main effects 
(S, R, N, A), all two-factor interac- 
tions (SX R, S X A,RXA,SXN, 
R XN, N X A), and all three-factor 
interactions except SXRXA 
(SXRXN,SXNXA,RXNXA) 
are significant; but the four-factor 
SXRXN'XA interaction is not. 
These results confirm all of the find- 
ings in Exp. I which pertain to the m 
scale and extend them to the domain 
of the m’ scale. In addition to verify- 
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ing the main effect of A, the three two- | 
factor interactions involving A and 
the three three-factor interactions in- - 
volving N clearly reflect the intimate 
relationships existing between initial 
ability andamountofpracticein paired- | 
associate learning when meaningful- 
ness is independently varied. In vari- 
ance terms, the relative magnitudes of 
the significant inter-individual com- 
parisons are: o?A > o?g > o°s > PRA 
> o's, > csp. These inequalities 
agree perfectly with Exp. I. For the 
significant intra-individual compari- 
sons the order is: ew > o’na > onw 
> cw > c'nwA D OSNA > OSRN: 
"These latter variances agree with Exp. 
I except for the placement of o’srN, a 
point to which we shall return later. 
The major hypothesis generalized 
from the previous study (10) was 
tested by computing a rank-difference 
correlation coefficient between the 
predicted order of proficiency and the 


TABLE 4 


ANALYSIS or VARIANCE oF NUMBER or Correct 
Responses (R+) Durine Four 5-Trrau 
Brocks iw Expr. II 


Source df MS F 

Between Ss 89 
Stimulus (S) 2 | 1424.32 | 16.30*** 
Response (R) 2 | 2934.51 | 33,59*** 
Ability (A) 1 | 4396.01 | 50.31*** 
SXR 4 | 348.87 3.99%* 
SXA 2 | 417.22 4.78* 
RXA 2 | 1025.14 | 11.73*** 
SXRXA 4 132.36 1.51 
Error (b) 72 87.37 

Within Ss 270 
Trial blocks (N)| 3 | 2340.84 | 208.26*** 
SXN 6 116.18 | 10.34*** 
RXN 6 | 15163 | 13.4994 
NXA 3 246.43 | 21.92*"* 
SXRXN 12 25.90 200s" 
SXNXA 6 37.88 30945 
RXNXA 6 48.69 4339€ 
SXRXNXA 12 11.47 1.02 
Error (w) 216 11.24 

Total 359 

*P < .025. 

** P < 01. 
***P < 001. 
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obtained order. The latter was based 
on the cell means of Table 3 (N = 10), 
disregarding the ability classification. 
For 8 df, rho = .88, which is signifi- 
cantly greater than zero at the 1% 
point. Taking account of individual 
differences, the motor-patterning hy- 
pothesis is about equally tenable for 
high and low A levels. The two rho 
values (N = 5) are .70 for the Slow 
group and .75 for the Fast group, both 
of which are significant at the 5% 
point. 


Discussion 


The present results generally confirm 
earlier studies in this series with respect 
to the meaning-learning correlation (8, 
10, 11), the differential importance of S 
and R and their nonadditive combination 
(Exp. I), the interaction of meaningful- 
ness with initial ability (8, 10), and the 
dependence of these various relationships 
upon amount of practice (8, 10, 11). 
With respect to the four combinations of 
H and L tested in Exp. I, the rank-order 
agreement in Tables 1 and 3 is perfect. 
This fits with the Sheffield (13) data, but 
conflicts with the Kimble-Dufort (2) and 
Mandler-Campbell (5) studies mentioned 
above. In the light of previous method- 
ological comments, however, one should 
not take these disagreements too seri- 
ously, For instance, the Mandler- 
Campbell experiments (5, Exp. I vs. 
Exp. II) do not even agree with each 
other. Using rank-correlation again, the 
cell means for the two sets of nine com- 
binations of H, M, and L in their paper 
yield a rho of only .03. It should be 
added, however, that both sets of data 
are positively, though not significantly, 
related to our hypothesized rank order 
of the nine groups: rho ~ .60, which for 
8 df fails to reach significance at the 5% 
point. 

The correspondence between fact and 
hypothesis in Table 4 (rho = .88), is not 
as close as expected by the writers. One 
curious inversion is the superiority of the 
M-H group over the H-H group. Upon 
investigation of this discrepancy, it was 
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found to be an experimental artifact 
caused by a slightly greater average m’ 
value for the R term in the M-H list 
(m' = 3.04) than in the H-H list 
(m = 2.79). The mean difference in m’ 
scale values of .25 is not significant 
(t = 1.51; df = 18; 5.» .10), but ap- 
parently it was powerful enough to 
produce the obtained reversal. There is 
no a priori reason to expect any intrinsic 
superiority for the M-H combination. 

Aside from testing the S-R motor- 
patterning hypothesis at more points 
along the meaningfulness continuum, the 
present study was designed to clarify the 
role of individual differences. The pre- 
dicted interaction of the A factor was 
found with S as well as with R, and the 
magnitude of cpa exceeded that of o7ga. * 
Because Exp. I found the ratio c?n/c?g 
to be approximately 2.6/1 and the ratio 
o*Rn/o*sn to be 1.6/1, it is interesting to 
note that in Table 4 the analogous o?p/ 
o*g ratio is about 2.1/1 and the quantity 
c?gwN/o?sN is roughly 1.3/1. The infer- 
ence is clear that at least twice the 
variance in performance due to meaning- 
fulness is attributable to R as to S, and 
that nearly one and a half times the 
interaction variance with practice can be 
similarly identified. That S X R inter- 
acts more with N in Exp. I than in Exp. 
II is probably due to the greater ease of 
learning m scale items; i.e., the general 
law covering all types of material is 
SXRXN. 

In previous experiments (8, 10) the 
significant interactions between m and A 
suggested that "slow learners are more 
sensitive to differences in meaningfulness 
than are relatively fast learners" (10, 
p. 19). The present situation, however, 
produces trends which are exactly the 
opposite. If one calculates the mean 
number of R+’s during Trials 1-20 for 
the Slow and Fast Ss in the L-L, M-M, 
and H-H groups, it appears that Fast Ss 
profit more by increases in m’ than do 
Slow Ss. The average correct anticipa- 
tions increase with m' as follows: Slow 
(5.0, 24.8, 20.2) vs. Fast (7.0, 38.0, 89.4). 
Rather than assigning this reversal to 
scale differences between m and m’, or 
perhaps to other procedural factors such 
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as pronouncing vs. spelling, the writers 
believe that the principal variable is the 
extreme difficulty of the CVC syllable 
learning task, as mentioned earlier (11). 
Comparing the present H-H, L-H, H-L, 
and L-L conditions with those in Exp. I, 
one finds that the acquisition curves 
during Trials 1-12 proceed more slowly in 
every case in this experiment. A similar 
comparison was true of two earlier studies 
(10, 11) which did not involve independ- 
ent variation of S and R, and in which all 
pairs were learned by the same Ss. 

The foregoing discussion of individual 
differences may be summarized by the 
principle that relatively difficult paired- 
associate material (e.g., CVC syllables) 
produces diverging slopes for Fast vs. 
Slow Ss, whereas easier material (e.g., 
dissyllabic words) produces converging 
slopes. The general curve form is of the 
sigmoid family. If one now imagines a 
graphical plot of R% = f(m’) with A as 
the parameter, it is clear why the form of 
the meaning-ability interaction should 
differ in the two experimental situations. 
A comprehensive investigation of this 
problem, employing several levels of A 
and either a wider range of m’ or greatly 
extended practice, is needed. Since the 
effects of familiarization on serial learn- 
ing (9) imply that variations in the m 
(hence m’) value of paired associates 
must also reflect the transfer of prior 
frequencies of experience (5), the sug- 
gested experiment might reveal that 
meaningfulness is a secondary phe- 
nomenon derivable from the same basic 
variable which controls all learning. 
This coordination would be demonstrated 
neatly if one could produce similar ac- 
quisition curves by manipulating either 
n or m'. The empirical question is 
whether familiarization would affect the 
S and R terms differentially. In 1921 
Winzen (16) reported the S-effect to be 
greater than the R-effect, but Sheffield 
(13) got the reverse; Mandler and Camp- 
bell (8) found no differences. Greater 
amounts of familiarization in the latter 
study, however, might have produced 
significant facilitation. Available data 
(9) indicate a continuous function, 


Summary 


In Exp. I, four independent groups of 20 Ss 
practiced homogeneous lists of 10 pairs of dis- 
syllables for 12 trials, Two levels of meaning- 
fulness (m) were employed, high (H = 7.50) 
and low (L = .29), giving the following stimulus- 
response m values: H-H, L-H, H-L, and L-L. 
In agreement with prediction, the lists were 
learned with the rank order of proficiency shown 
above when practice (N) was varied. The mean 
total correct responses made by each group dur- 
ing Trials 2-12 were 92.75, 85.40, 71.60, and 34.00, 
respectively. Greater facilitation was attribut- 
able to the m value of the R term than to the m 
value of the S term, and there were significant 
SXR,RXN,SXN,and SXRXN inter- 
actions, 

Experiment II evaluated the influence of 
scaled meaningfulness (m) upon paired-associate 
syllable learning together with the interaction of 
the S and R factors with initial level of ability 
(A) and amount of practice (N). Ninety Ss 
first received 10 trials on a practice list used to 
classify them as Fast or Slow on the A factor. 
This was followed by 20 trials on one of nine 
experimental lists in which the m’ values of S 
and R were independently varied at three levels: 
.68, 1.72, and 2.91. 

A rho of .88 was obtained between the ob- 
served rank order of experimental groups and 
that expected from the hypothesis favoring the 
influence of the R term over that of the 8 term. 
The effects of S, R, N, and A were significant, 
as were all two-factor interactions and all three- 
factor interactions except SX R X A. The 
relative magnitudes of the variances in Exp. I 
and Exp. II agreed in six out of seven cases. 

From these two experiments it was concluded 
that at least twice the variance in performance 
due to meaningfulness (m or m’) is attributable 
to Ras to S, and that S-R combination in paired- 
associate learning is intrinsically nonadditive. 
The degree to which learning ability interacts 
with meaningfulness (m or m") depends upon the 
difficulty of the material and the amount of 
practice. "The results generally confirm earlier 
experiments in this series, thus supporting the 
S-R motor-patterning hypothesis. Contradic- 
tory findings of recent studies were discussed. 
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SOME VARIABLES AFFECTING LATENT 
EXTINCTION ! 


ARTHUR R. THOMAS? 
Northwestern University 


A problem of considerable impor- 
tance to extinction theory in recent 
years has been that of latent or non- 
response extinction. The experi- 
mental paradigm for latent extinction 
has typically involved two groups. 
Both groups, experimental and con- 
trol, learn a task to an equivalent 
degree. The experimental group is 
given one or more pre-extinction trials 
in which S is introduced into the 
previously rewarding situation (e.g., 
the goal box of a runway) without 
making the response leading to re- 
ward, and finds reward no longer 
present. A control group is given an 
equivalent series of trials in a dis- 
criminably different situation. La- 
tent extinction exists to the extent 
that performance decrement in sub- 
sequent response extinction trials is 
significantly more rapid for experi- 
mental Ss than for control Ss. "Thus 
the essence of latent extinction is that 
response decrement may result, in 
part at least, without the response 
having been made. 

Of the 12 studies with rats known to 
the present author, 10 have confirmed 
the existence of latent extinction (2, 
3, 4, 8, 9, 10, 11, 12, 14, 16), while 2 
have failed to demonstrate it (1, 15). 
Although the evidence for this phe- 


1 This article is based upon a dissertation sub- 
mitted to the Department of Psychology of 
Northwestern University in partial fulfillment of 
the requirements for the Ph.D. degree. The 
author is indebted to Donald J. Lewis for his 
encouragement and criticism during the course 
of the study and to the National Science Foun- 
dation, Grant 1060, for financial assistance in 
purchasing animals for the experimental work. 

? Now at West Virginia University. 


nomenon appears convincing, findings 
of several of the studies must be ac- - 
cepted with extreme caution. Bugel- 
ski, Coyer, and Rogers (1) have 
challenged the positive results of the 
Seward and Levy study (16) on the 
grounds that time spent on the goal 
platform during response extinction 
trials was not equated for experi- 
mental and control groups. Other 
studies confirming the existence of 
latent extinction have failed to give 
any sort of pre-extinction experience 
to control Ss (4, 11, 12). Finally, 
Scharlock's negative findings (15) may 
have been due to the paucity of cues 
which could be used to differentiate 
between the correct and incorrect goal 
platforms. The use of more easily dis- 
criminable goals might have changed 
the outcome of the experiment. 
While it is generally agreed that the 
Hullian notion of reactive inhibition 
(7) cannot explain latent extinction 
findings, many alternative theoretical 
interpretations have been offered. 
Seward and Levy (16), applying Tol- 
man's theory to their results, con- 
cluded that the pre-extinction trials 
which their experimental group re- 
ceived facilitated formation of the 
expectancy that the goal platform was 
a “place of nonreward" rather than a 
“place of reward.” Davis (3) has 
explained his positive results in terms 
of frustration-produced drive, a con- 
cept originated by Sheffield (17) and 
Stanley (18). More recently, Moltz 
(11) and Moltz and Maddi (12) have 
demonstrated that pre-extinction ex- 
perience reduces the secondary reward 
value of cues in the goal box and hence 
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leads to a more rapid performance 
decrement in subsequent response 
extinction trials, Each of these theo- 
retical approaches has its merits, but 
none appears adequate to account for 
all the facts of latent extinction. 

The present study represents a 
further attempt to verify the existence 
of latent extinction, and, if it is found 
to exist, to relate it to Glanzer’s (6) 
notion of stimulus satiation. While 
derived initially as a theory of re- 
sponse alternation, stimulus satiation 
appears to the present writer to be a 
feasible explanation of some of the 
phenomena of latent extinction. Its 
major advantage over the theory of 
reactive inhibition is its assertion that 
exposure to a stimulus, rather than 
repetition of a response to the stim- 
ulus, is sufficient to produce a decre- 
ment in behavior with regard to that 
stimulus. Specifically, Glanzer states 
that, with continued exposure to a 
stimulus situation, amount of satia- 
tion to that stimulus and to similar 
stimuli increases as a negatively ac- 
celerated function of time of exposure. 
Decay of satiation following removal 
from the stimulus obeys a negatively 
accelerated decreasing function. 

Among the deductions which follow 
from stimulus satiation are: (a) the 
efficacy of pre-extinction trials in pro- 
ducing a response decrement in ex- 
tinction varies inversely with the time 
interval separating the end of pre- 
extinction training from the beginning 
of experimental extinction; (b) the 
efficacy of pre-extinction trials in 
producing a response decrement in 
extinction varies directly with the 
length of the pre-extinction trials. 
The present study, then, attempts not 
only to demonstrate latent extinction, 
but to establish an analogy between 
the response decrement by which it is 
accompanied and the response decre- 
ment due to stimulus satiation. More 
empirically stated, the present study 
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attempts to determine both the direct 
and interactive effects upon latent 
extinction of two stimulus variables: 
(a) the length of the pre-extinction 
trial, and (b) the interval between the 
pre-extinction trial and the extinction 
tests. 
METHOD 


Apparatus—A single unit elevated T maze of 
2 X 4 in. white pine was employed. The narrow 
side, about 1} in. wide, was used as the runway. 
The starting platform and stem of the maze were 
painted gray. The right goal arm and goal plat- 
form were painted white; the left, black. Manu- 
ally operated guillotine doors separated the start- 
ing and goal platforms from the body of the maze. 

The running surface was 46 in. above the 
floor. The stem of the maze was 4 ft. long and 
each arm 1 ft. in length. The starting platform 
was 10 in. long and 8 in. wide, while the goal 
platforms were 10 in. long and 4 in. wide. Small 
1} in. diameter china food cups were recessed 
into the far end of either goal platform with the 
lip of the cup flush with the surface of the plat- 


form. As an added cue, wooden strips } in. 


wide and 1 in. high were fastened to the floor of 
the left goal platform at l-in. intervals, affording 
San uneven footing. Coarse sandpaper covered 
the floor of the right goal platform, 

During pre-extinction, a clear plastic shield 
detained S in the goal platform. The shield 
was mounted on the door frame and the guillo- 
tine door was raised to allow S maximal visual 
cues. Control Ss were given their pre-extinction 
experience on a 46 in. high, 10 X 6-in. platform 
of unpainted white pine situated in the corner 
of the room most remote from the goal plat- 
forms. 

The only illumination was furnished by a 

shaded 40-w. lamp in a ceiling fixture above the 
stem of the maze. In order to maximize the 
probability of obtaining latent extinction, no 
attempt was made to control extramaze cues. 
Differential visual stimulation may have been 
furnished by a table and a bookcase located on 
opposite sides of the maze, and differential 
auditory cues supplied by a Kodak timer used to 
control intertrial interval. 
. Subjects.—The Ss were 90 experimentally 
naive male albino rats of the Sprague-Dawley 
strain. On the acquisition day, ages of the Ss 
ranged from 61 to 89 days, with a mean of 71 
days, T 

Preliminary procedure.—All Ss were placed 
on a maintenance schedule at least seyen days 
before acquisition. A daily ration of 10 gm. of 
Purina Laboratory Chow was given, and any 
food remaining after 1 hr. was removed from the 


.cage. Thus Ss were approximately 22 hr. de- . 
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prived at the beginning of each experimental 
session. Water was constantly available. 

Animals were tamed by E for a 10-min. 
period on each of four successive days. During 
taming, 45-mg. Noyes Lab Chow pellets identical 
to those used during acquisiton were presented 
and all Ss learned to eat them readily. Follow- 
ing taming, Ss were given three days of prelimin- 
ary training in the T maze. On each day, four 
trials were given. Free choice was allowed on 
the first two trials, while the third and fourth 
trials were forced, if necessary, to give S two 
reinforcements daily at each goal. All runs 
were reinforced with two 45-mg. pellets, and S. 
was retained in the goal until the pellets were dis- 
covered and eaten. If S failed to run from the 
start platform within a 5-min. period, Z placed 
him on.one of the goal platforms, determined at 
random, and allowed him to eat. All Ss were 
discarded that failed to run within the 5-min. 
period of the last pretraining day. Two such Ss 
were rejected and were replaced by other Ss. 

Acquisition —On the day following pretrain- 
ing, Ss were given a series of 20 acquisition trials 
in which food was found only on the nonpreferred 
side, as determined by the pretraining series. 
Again, reinforcement consisted of two 45-mg. 
pellets. The noncorrection method was used 
and running time and direction of goal turn were 
measured, Running time was taken from open- 
ing of the starting door to entrance into the goal 
and was read from a stop watch. Direction of 
goal turn refers to the location of the goal plat- 
form into which S first entered sufficiently far so 
that the guillotine door might be lowered. After 
every trial, S was detained in the goal for 10 sec. 
regardless of the direction of the choice. Inter- 
trial interval was 30 sec., during which time S was 
detained in his home cage with water available. 
To begin a new trial, S was placed on the starting 
platform facing the door, which was raised after 
1 sec, 

All experimental groups received the same 
acquisition training. To assure that all Ss had 
adequately learned the habit, two learning 
criteria were employed: (a) a median running 
time less than 25 sec. on the last five trials; (b) 
at least 9 correct goal choices in the last 10 
trials. Seven Ss were eliminated by failure to 
meet one or both of these criteria. All were 
replaced. No Ss were rejected following the 
acquisition series. 

Pre-extinction.—Pre-extinction experience was 
given 24 hr. following acquisition. Because 
of the hypothesized nature of stimulus satiation, 
it was decided to give only one pre-extinction 
trial and thereby avoid problems of differential 
build-up and dissipation of satiation in the vari- 
ous groups. Experimental Ss were confined in 
the previously rewarding goal platform with food 
absent, and control Ss were placed on the neutral 
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platform. In an attempt to get some measure 
of the evocation of fractional anticipatory goal 
responses, number of food cup responses during 
pre-extinction was recorded for each S. Such a 
response was defined as S's inserting his nose 
into the food cup below the level of the lip of the 
cup. 

Differential treatment was given to each S 
according to the group to which he was assigned, 
"To test the main and interactive effects of length 
of pre-extinction period and length of interval 
between pre-extinction and extinction, a factorial 
design was used. There were three durations of 
pre-extinction (1, 5, and 15 min.) and three 
intervals between pre-extinction and extinction 
(15 sec., 5 min., and 15 min.). A total of 45 Ss 
was used in this design, five Ss being assigned to 
each of the nine cells. 

To test for the existence of latent extinction 
effects, 10 control Ss were run in each of three 
cells (1-min. pre-extinction trial, 15-sec, delay 
of extinction; 5-min, trial,5-min, delay; 15-min. 
trial, 15-min. delay). An additional five Ss 
were run in the experimental cells corresponding 
to the control cells. Thus main effects of the 
variables were tested with the 45 experimental Ss 
in the factorial design, hereafter called the 3 X 3 
analysis, while the existence of latent extinction 
was tested with the 60 Ss (30 experimental and 
30 control) in the three diagonal cells and in- 
cluded in the 2X3 analysis. Animals were 
assigned randomly to conditions, with the re- 
striction that one replication was completed 
before the next was begun. 

Extinction.—After the appropriate delay 
following pre-extinction, all Ss were removed 
from the detention cage and given an identical 
series of 30 extinction trials during which no 
food reward was given. As during acquisition, 
the intertrial interval was 30 sec. and running 
time and direction of goal turn were recorded. 
If S had not entered a goal platform within a 
3-min. period, the trial was terminated and S was 
removed from the maze. Goal platform confine- 
ment was 10 sec. following each trial on which a 
choice was made. 

Spontaneous recovery.—Following extinction 
by a 24-hr. interval, 10 spontaneous recovery 
trials were given. Response measures, spacing 
of trials, and other aspects of the procedure were 
identical to those of original extinction. No 
reward was present. 


RrsurTS 
Acquisition 
The median running time for the 
last five acquisition trials was ob- 


tained for each S, and analysis of 
variance of log inedian running time 
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was performed. No significant differ- 
ences between groups were found 
either for this measure or for number 
of correct turns. 


Extinction 


Running time measures.—Due to 
extreme skewness, it was impossible 
to transform extinction scores to meet 
the assumptions of normality and 
homogeneity of variance required for 
the F test. In its place, a distribu- 
tion-free analysis presented by Mood 
(13) was used for both running time 
and correct turn data. This analysis 
is based on ranking of scores and has 
a chi-square distribution. 

For analysis as well as for graphic 
presentation, the 30 extinction trials 
for each S were broken down into six 
blocks of five trials each. The me- 
dian running time for each block was 
found and the log of this value was 
used for analysis. All trials termi- 
nated by £ at the end of 3 min. were 
considered as 180-sec. latencies. 
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Two running time measures were 
analyzed: (a) raw scores on Trial 1, 
and (b) log median running time for 
all six 5-trial blocks during extinction. 
These measures are shown graphically 
in Fig. 1A, 1B, and 2A, Fig. 1 being 
based upon the 45 Ss in the 3 x 3 
analysis and Fig. 2A upon the 60 Ss 
in the 2 X 3 analysis. 

The 2X3 analysis for Trial 1 
scores showed a significantly slower 
running time for experimental Ss than 
for control Ss (x? = 4.053, P < .05), 
while a similar analysis based upon 
all 30 trials was not significant. Thus, 
as reflected in Fig. 2A, the effects of 
pre-extinction experience upon run- 
ning time were initially large, but 
transitory.® 

The main effects of the two in- 
dependent variables upon running 
time were assessed by 3 X 3 analyses, 
and are shown graphically in Fig. 1. 

* An additional analysis based upon the first 


15 extinction trials showed a significant difference 
between experimental and control groups. 
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Fic. 2. A. Running time during extinction for all experimental and control animals in the 2 X 3 
analysis. B. Correct turns during extinction for all experimental and control animals in the 2 X 3 


analysis. 


For Trial 1 only, as interval between 
pre-extinction and extinction in- 
creased, running time increased sig- 
nificantly (x? = 12.500, P <.01). 
This effect was not evident when all 
30 trials were studied. No significant 
effects were found either for the 
second independent variable, length 
of the pre-extinction trial, or for the 
interaction between the two variables.* 

A final significant finding is evident 
upon inspection of Fig. 1B. Animals 
with the 15-sec. interval between pre- 
extinction and extinction run most 
rapidly on the initial extinction trials, 


4Tt must be noted that Mood's test for inter- 
action invariably results in a negative chi square. 
As a further check on the significance of inter- 
action effects, normal curve analyses were also 
performed, While not strictly appropriate be- 
cause the data violated the assumption of nor- 
mality, such tests consistently yielded results in 
accord with those of the Mood test. 


while they are the slowest of the three 
groups by the end of the extinction 
series. To test the significance of the 
interaction between extinction trial 
and interval between pre-extinction 
and extinction, Edwards’ analysis of 
variance for repeated measurements 
on the same Ss (5, p. 288) was em- 
ployed. Log median running times 
on extinction Trials 1-5 and 26-30 for 
the 45 experimental Ss in the 3 X 3 
design were included in the analysis. 
While the assumption of normality 
was not met, the F ratio for inter- 
action was significant at well beyond 
the 1% level (F = 34.21, df = 2,42). 

Turn measures.—Mood's distribu- 
tion-free analysis was also applied to 
turn data during extinction. The 
principal measure studied was the 
number of correct goal turns made by 
each S during the 30-trial extinction 
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series. The 2 X 3 analysis of this 
measure demonstrated that control Ss 
made significantly more correct turns 
than did experimental Ss (x? — 4.053, 
P «.05). This difference in per- 
formance is evident in Fig. 2B, based 
upon the 60 Ss in the 2 X 3 analysis. 
"The abscissa again represents the six 
successive 5-trial blocks during ex- 
tinction, while the ordinate indicates 
the percentage of correct goal turns. 
The 3X 3 analysis of the same 
measure showed a significant effect of 
pre-extinction time upon number of 
correct turns (x? = 7.125, P « .05). 
Increasing the length of the pre- 
extinction period was found to de- 
crease the frequency of correct turns 
during extinction. Interval between 
pre-extinction and extinction did not 
affect turn performance, and there 
was no significant interaction between 
the two independent variables. Fig- 
ure 3, based upon the 45 experimental 
Ss in the 3 X 3 analysis, portrays 
these results. In Fig. 3A, length of 
pre-extinction is the parameter; in 
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Fig. 3B, intérval between pre-extinc- 
tion and extinction. 

Because the first extinction trial was 
the only one in which the effects of 
pre-extinction were not complicated 
by further nonreward experience dur- 
ing extinction, a test of differences 
between experimental and control Ss 
in frequency of correct turns on Trial 
l was made. The test was based on 
the 60 Ss in the 2 X 3 analysis, and 
showed significantly poorer turn per- 
formance for the experimental animals 
(x? = 11.273, P < .01). 

Food cup responses.—Frequency of 
food cup responses during the pre- 
extinction period was recorded in an 
attempt to measure the extent to 
which fractional anticipatory goal 
responses were being made. From 
the standpoint of Hullian theory as 
interpreted by Moltz and Maddi (12), 
it is important to determine the 
relationship between such responses 
and subsequent extinction per- 
formance. 

Because varying the length of the 
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Fic. 3, A. Correct turns during extinction for various pre-extinction times. 
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pre-extinction period varied the op- 
portunity for cup responses to be 
made, it was decided to treat each pre- 
extinction time separately in correlat- 
ing cup responses and extinction per- 
formance. No tests were made on the 
l-min. pre-extinction group because 
of the extremely small range of cup 
responses emitted during that period. 
Rank-difference correlations were 
computed for the 5-min. and 15-min. 
groups because of the skewed dis- 
tribution of cup responses. Each 
coefficient was based upon the 15 
experimental Ss in the 3 X 3 analysis 
run under a specific duration of pre- 
extinction. When cup responses were 
correlated with the mean log median 
running time for all six 5-trial blocks 
during extinction, the values of rho 
were —.414 for the 5-min. group and 
—.303 for the 15-min. group. The 
correlations between cup responses 
and number of correct turns during 
the 30 extinction trials were .288 and 
.499 for the 5-min. and 15-min. groups, 
respectively. The value of rho 
needed for two-tailed significance at 
the 5% level is .524. Thus, although 
not reaching statistical significance, 
the signs of the coefficients indicate 
that Ss making more cup responses 
tend to run more rapidly and make 
more correct turns in extinction than 
Ss investigating the food cup less 
often. 


Spontaneous Recovery 


Running time measures —To test 
for spontaneous recovery of the run- 
ning response, the Wilcoxon signed 
rank test for paired observations (19, 
p. 432) was used. This analysis was 
based on the 90 difference scores, one 
from each S, obtained by subtracting 
log running time on the first spon- 
taneous recovery trial from log mean 
running time for the last block of five 
extinction trials (Trials 26-30), Since 


almost half of the Ss had medians of 
180 sec. for the last block of extinction 
trials, the log mean running time was 
chosen as more sensitive than a log 
median measure. Results of the test 
(z = 6.915, P < .0001) give strong 
evidence for the occurrence of spon- 
taneous recovery of the running 
response. 

Analysis of covariance was em- 
ployed to test for differential effects 
of the experimental variables on 
amount of spontaneous recovery. No 
meaningful differences were found, 

Turn measures—A test for cor- 
related proportions (5, p. 86) was used 
to determine whether the turning 
response gave evidence of spontaneous 
recovery. Frequencies of correct 
turns on the final extinction trial and 
the first spontaneous recovery trial 
were used for this test, which was 
based on all 90 Ss. A highly signifi- 
cant difference was found (z = 3.817, 
P < .0001) in a direction favorable 
to the existence of spontaneous re- 
covery. As in the case of the running 
response, amount of recovery of the 
turning response was not significantly 
influenced by any of the experimental 
variables. 


Discussion 


Results of this study clearly support 
the existence of latent extinction, Ex- 
perimental Ss run more slowly and make 
fewer correct responses than correspond- 
ing control Ss. Experimental vs. control 
differences in running time are significant 
only for the first part of the extinction 
series, while differences in correct turns 
persist throughout all 30 trials. 

However, the data fail to give un- 
equivocal confirmation to the specific 
predictions ‘made from Glanzer’s (6) 
theory of stimulus satiation. One of the 
predictions—namely, that amount of 
performance decrement in extinction is 
directly related to length of the pre- 
extinction period—was confirmed with 
the correct turn data in Fig. 3A. Pre- 
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extinction duration had no effect upon 
the running time measure. No support 
was found for the prediction that the 
performance decrement of latent ex- 
tinction would decrease as the interval 
between pre-extinction and extinction 
increased. In fact, the opposite rela- 
tionship was found for the running re- 
sponse on the first extinction trial: a 
shorter interval was followed by faster 
running time than was a longer interval. 
Interval and direction of turn were not 
significantly related. 

Thus the empirical findings partially 
support one of the two predictions from 
stimulus satiation and partially refute 
the other. Not only is some of the 
evidence directly contradictory to Glan- 
zer’s theory, but the theory cannot 
account for the differential effects of the 
two independent variables upon the two 
response measures, Alternative ex- 
planations of the data might prove more 
profitable. 

Expectancy theory, of course, has no 
trouble in handling the phenomenon of 
latent extinction. However, the lack of 
data on the temporal factors involved in 
the acquisition and extinction of expect- 
ancies precludes any specific predictions 
for this experiment. 

The present results appear relevant to 
the Hullian approach adopted by Moltz 
and Maddi (12). From the findings of 
these investigators, it seems legitimate to 
predict that, the greater the degree of 
extinction of secondary reward value of 
the goal platform cues during pre- 
extinction the greater the performance 
decrement during extinction. It is here 
necessary to assume that the fractional 
anticipatory goal responses (Le, cup 
responses) recorded during the pre-ex- 
tinction period bear some relation to 
extinction of secondary reward. It will 
be remembered that correlations between 
food cup responses and running time 
during extinction were negative, and 
those between cup responses and correct 
turns were positive. If one makes the 
assumption that Ss investigate the food 
cup more often when its secondary 
reward value is high than when it is low, 
these results can readily be reconciled 


with those.of Moltz and Maddi. That 
is, those Ss making many food cup 
responses during pre-extinction do so 
because the secondary reward value of 
the food cup has not diminished ap- 
preciably, and such Ss show the least 
performance decrement during ex- 
tinction. 

Also consistent with this approach is 
the finding that a significant and inverse 
relationship exists between length of the 
pre-extinction period and frequency of 
correct turns during extinction. More 
extinction of secondary reward should 
occur within a 15-min. pre-extinction 
interval than a 1-min. interval, and, 


consequently, a greater performance 
decrement during extinction should 
ensue, 


In spite of the agreement between the 
present data and the approach of Moltz 
and Maddi, there still remains the 
question of why the two response vari- 
ables of the present study were differ- 
entially affected by the two stimulus 
variables. Davis’ (3) findings appear 
pertinent at this point. Using a T maze, 
Davis found that his experimental Ss, 
which received pre-extinction experience, 
made fewer correct turns during extinc- 
tion than controls, but actually ran 
faster than the controls. Davis has used 
the notion of frustration-produced drive 
to explain his results. Following the 
argument of Sheffield (17) and Stanley 
(18), he has suggested that pre-extinction 
confinement may increase 5's drive level 
and thus facilitate the running response, 
for which few competing responses exist. 
The number of correct turns does not 
increase because a competing response 
(Le., an incorrect turn) is readily 
available. 

It is not the intention of the present 
author to make a detailed application of 
the theory of frustration-produced drive 
to the results of this study. The ap- 
proach, however, has the virtue of 
recognizing, even if not predicting accu- 
rately, differential effects of pre-extinc- 
tion experience on different response 
measures. Regrettably, little work has 
been done to establish the temporal 
course of build-up and dissipation of 
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frustration-produced drive. With cer- 
tain auxiliary assumptions concerning 
these temporal factors, nearly all the data 
of the present study may be incorporated 
into the frustration-produced drive ap- 
proach. For example, if it is assumed 
that a substantial amount of such drive 
dissipates in a 15-min. rest interval (the 
intertrial interval for the spaced extinc- 
tion groups in the Sheffield and Stanley 
studies), it is easy to explain the finding 
of significantly slower running after a 
15-min. interval between pre-extinction 
and extinction than after a 15-sec. 
interval. Other similar assumptions 
may be made to explain other findings 
both in this study and in other studies of 
latent extinction. Such an approach is 
quite tentative, however, until more 
quantitative data on frustration drive 
exist. 

It must be noted that the two response 
measures, running time and correct turns, 
cannot be completely independent. 
That is, $ cannot make a correct turn 
without also having run within the 3-min. 
interval allowed for each extinction trial. 
Three separate point biserial correlations 
based upon all 90 Ss were computed be- 
tween direction of turn and log running 
time for extinction Trials 1, 15, and 30. 
A correct turn was arbitrarily assigned 
a value of 1 and an incorrect turn or no 
turn a value of 0. The correlations, 
—.38, —.30, and —.52, respectively, are 
all significant at the 1% level and 
indicate a longer running time associated 
with incorrect than with correct turns. 
However, the correlations are not of such 
magnitude as to prevent differential 
effects of the two independent variables 
on the response measures.. 


SuMMARY 


The present research tests (a) the existence 
of the phenomenon of latent extinction, and (b) 
the effects of length of pre-extinction period and 
length of interval between pre-extinction and 
extinction upon the amount of latent extinction. 
Ninety rats were given 20 acquisition trials on a 
single-unit elevated T maze with food reward on 
the nonpreferred side. Differential treatment 
for the various groups was instituted on the ex- 
tinction day, 24 hr. following acquisition. Ex- 
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perimental Ss were given pre-extinction experi- 
ence by being confined in the previously reward- 
ing goal platform with no food present, while 
control Ss were confined for a similar length of 
time on a neutral platform. One such trial was 
given, its length being 1, 5, or 15 min. The 
interval between pre-extinction and extinction 
was 15 sec., 5 min., or 15 min. Thirty response 
extinction trials were given to all Ss, and running 
time and correct turns recorded. "Ten nonre- 
warded spontaneous recovery trials followed 
extinction by 24 hr. 

A 3 X 3 factorial design based on 45 Ss was 
used to evaluate the effects of the independent 
variables upon latent extinction, while its exist- 
ence was determined by comparing performance 
of 30 experimental and 30 control Ss. Com- 
parisons of experimental and control groups 
showed a significant depression in number of 
correct turns for experimental Ss lasting through- 
out the extinction series. Running time was 
increased, but differences were significant only 
for the first part of the extinction series. 

It was found that increasing the length of the 
pre-extinction period significantly reduced num- 
ber of correct turns during the extinction series, 
Increasing the length of the interval between 
pre-extinction and extinction significantly in- 
creased running time on the first extinction trial. 
Length of the pre-extinction period was not re- 
lated to running time, nor was interval between 
pre-extinction and extinction related to number 
of correct turns. Significant spontaneous re- 
covery occurred for both running and turning 
responses. No meaningful differences between 
groups in amount of recovery were found, how- 
ever. 

The existence of latent extinction was upheld 
by both response measures, and both independent 
variables were found to have significant effects. 
Results are best explained by the notion of 
frustration-produced drive. 
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STUDIES OF DISTRIBUTED PRACTICE: XVIII. THE 
INFLUENCE OF MEANINGFULNESS AND 
INTRALIST SIMILARITY OF SERIAL 
NONSENSE LISTS? 


BENTON J. UNDERWOOD 
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The primary purpose of the present 
experiment is to determine if intertrial 
interval interacts with meaningfulness 
and with intralist similarity in the 
learning of serial nonsense lists. It 
was undertaken in the belief that no 
available data give uncontaminated 
tests of these two interactions. The 
following discussion gives the bases 
for this belief. 


Certain lines of evidence could be advanced 
in support of the principle that the lower the 
meaningfulness of the material the greater the 
likelihood that distributed practice will facilitate 
learning. 

(a) Tsao (3) has pointed out that the older 
studies using prose materials commonly found 
that massed practice was as good or better than 
distributed practice for learning, whereas with 
syllables the opposite was usually true. Tsao 
also points out, however, that one cannot be sure 
that a difference in meaningfulness is the only 
critical difference between prose material and 
nonsense syllables. 

(b) In two previous reports in this series (4, 
5), both of which were performed under identical 
conditions except that serial adjectives were used 
in one case and syllables in the other, distributed 
practice appeared to exert a greater facilitating 

_effect on the learning of syllables than on the 
learning of adjectives. However, since it is now 
known that intralist similarity and meaningful- 
ness interact in that the lower the meaningfulness 
the greater the influence of a given degree of 
intralist similarity (9), the difference in the effect 
of intertrial interval in the two experiments may, 
be due to differences in intralist similarity and 
not meaningfulness. 

(c) The one direct attack on the problem was 
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made by Tsao (3). Two serial lists of syllables 
of high meaningfulness were constructed and two 
with low meaningfulness. One list from each 
level was presented by massed practice and one 
by distributed practice, the latter consisting of a 
1-min. rest after every two trials. All lists were 
presented for 10 trials and all Ss served in all 
conditions by  counterbalancing. The low- 
meaningful lists were significantly facilitated by 
distributed practice, the high-meaningful lists 
were not. Thus, if Tsao had performed an anal- 
ysis of variance on his data it would be expected 
that the interaction term (Intertrial interval X 
Meaningfulness) would have been significant. 
Yet, two facts about Tsao's study make it seem. 
desirable to have further work on this interaction 
phenomenon. First, an examination of Tsao’s 
lists shows that the low-meaningful lists have 
greater intralist similarity (fewer different let- 
ters used) than the high-meaningful lists. ‘Thus, 
meaningfulness and intralist similarity may be 
confounded. Second, all Ss served in all condi- 
tions. It is now known that such designs may 
introduce considerable interference between lists 
and this interference may well be different for 
different levels of meaningfulness. Thus, it is 
possible that Taso’s results might be due to 
differences in intralist or interlist similarity, or 
both. 


The primary implication of the 
above comments is that intralist 
similarity may have confounded tests 
of the interaction between meaning- 
fulness and intertrial interval. Such 
a criticism is not valid, of course, 
unless intralist similarity and inter- 
trial interval do indeed interact in 
learning. In two studies (4, 5) in 
which intertrial interval has been 
varied, intralist similarity has also 
been manipulated. No interaction 
was apparent. But, neither of these 
studies was a satisfactory test of the 
interaction because they were counter- 
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balanced designs which are now 
known (7) to result in a reciprocal 
relationship between intralist and 
interlist similarity. "Therefore, if dis- 
tributed practice facilitates learning 
when interference is high (produced 
either by intralist or interlist simi- 
larity) the two experiments are simply 
not adequate tests. 

It appears, therefore, that both 
meaningfulness and intralist similarity 
must be manipulated independently. 
Interlist similarity can be eliminated 
by using Ss naive to verbal learning 
who serve in only one condition of the 
experiment. The present study at- 
tempts to meet these specifications. 


METHOD 


Materials.—Four serial lists of 10 syllables 
each were used, These lists have been used in 
a previous study and are reproduced there (9). 
Two lists were made up of Glaze (1) syllables of 
from 0.0% to 20.0% association value, and two 
with syllables of from 93.3% to 100% association 
values, One of the lists at each level of meaning- 
fulness had high intralist similarity and one low 
intralist similarity, The two lists with high 
intralist similarity had only four consonants, 
each being used five times. In the lists with low 
intralist similarity each consonant was used only 
once. All vowels were used twice in each list. 
The four lists are designated as follows: HM-HS 
(high meaningfulness, high intralist similarity) ; 
HM.LS (high meaningfulness, low intralist simi- 
larity); LM-HS (low meaningfulness, high intra- 
list similarity), and LM-LS (low meaningfulness, 
low intralist similarity). (In the previous pub- 
lication, where the lists are reproduced, the 
fourth syllable in the HM-LS list was given as 
MEK; this should have been MEX). 

Each list was preceded by three asterisks as 
the anticipatory cue for the first syllable. As 
in the previous study, 10 different serial orders 
of each list were used so that each syllable oc- 
curred equally often at each serial position. The 
rate of presentation was 2 sec. and S spelled the 
syllables, using the anticipation method, 

Subjects and procedure.—Kight groups of 50 
Ss were used. Two groups were assigned to 
each list, one learning by massed Practice and 
one by distributed practice. Massed practice 
consisted of an 8-sec. blank period between each 
trial. Distributed practice consisted of 38 sec. 
between each trial, this interval being filled with 
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symbol cancellation. With two levels of mean- 
ingfulness, two levels of intralist similarity, and 
two intertrial intervals, the experiment becomes 
a2 X 2 X 2 design with independent groups in 
each cell. 

A random order of the eight conditions (four 
lists, with massing and distribution for each) was 
made up subject to the restriction that each con- 
dition occur 50 times. The Ss were then as- 
signed in succession in order of their appearance 
atthelaboratory, When an S was dropped for 
any reason he was replaced with the next S, A 
total of 35 Ss was dropped for a variety of rea- 
sons. No appreciable bias can result from this 
since the minimum number dropped from any 
one condition was 2 and the maximum 7. To 
avoid bias in selection of Ss due to differential 
difficulty produced by the different conditions, 
à constant number of trials was used for all lists. 
Under this procedure only two Ss were dropped 
for failure to learn, One S became so emotion- 
ally upset in learning that it seemed advisable to 
dismiss her. The other S, when he experienced 
difficulty in learning, simply quit and walked 
‘out of the room. All Ss used in the present 
evaluation were naive to laboratory verbal 
learning experiments. 

Each list was always presented for 30 antici- 
pation trials with S instructed to give as many 
correct responses as possible on each trial. The 
S returned for five relearning trials 24 hr, after 
learning. 


Rzsurrs 


Learning.—The basic response 
measure used was the mean number of 
Correct responses over the 30 trials. 
Table 1 shows the means for each 
condition and Table 2 shows the sum- 
mary of the analysis of variance. 

As in the previous study using these 
lists (9), meaningfulness and intralist 
similarity produced highly significant 


TABLE 1 


Mean Numper or Correcr 
Responses ror Thats 1-30 


List Massed* Distributed* 
HM-HS 157.12 188.86 
HM-LS 206.42 203.70 
LM-HS 110.64 123.62 
LM-LS 165.46 176.38 


* Estimate of oy, based on the within-groups vari- 
ance, is 6.08, RE 
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TABLE 2 


ANALYSIS OF VARIANCE OF CORRECT 
Responses IN Triats 1-30 


Source df MS F* 
Interval (I) 1| 17,503.54 9.48 
Meaningfulness (M)| 1 | 202,500.25 | 109.65 
Similarity (S) 1|184,298.74 | 99.80 
IXM 1 163.844] — 
IXS 1 8,335.69 4.51 
MXS 1| 11,793.96 6.39 
IXMXS 1} 6,560.25] 3.55 
Within 392 1,846.75 
Total 399 


* With 1 and 400 df, F at .05 level is 3,86, and at 
,01, 6,70, 


effects. The interaction between 
these two variables is also significant, 
i.e., the lower the meaningfulness the 
greater the effect of intralist simi- 
larity. 

Turning next to the major data, 
with special reference to the intertrial- 
interval interactions, on the basis of 
the statistical evidence the following 
conclusions would be reached: (a) over 
all lists, distributed practice is superior 
to massed practice beyond the 195 
level of significance; (b) the inter- 
action between meaningfulness and 
intertrial interval does not even ap- 
proach significance; (c) interaction 
between intertrial interval and in- 
tralist similarity is significant between 
the 1% and 5% levels, and (4) the 
triple interaction approaches the 5% 
level. While these conclusions can- 
not be gainsaid, they do not fully 
impart the effects produced by the 
variables The complete picture can 
best be perceived through an inspec- 
tion of the acquisition curves (Fig. 1) 
together with the means in Table 1. 


Considering first the effect of distrib- 
uted practice, it can be seen that the 
greatest effect was produced in learning 
List HM-HS (this is reflected in the triple 
interaction which approached the 596 
level of significance). Indeed, when t 


ratios were calculated between massing 
and distribution for each of the two low- 
meaningful lists the null hypothesis could 
not be rejected in either case. However, 
it would not seem appropriate to con- 
clude that intertrial interval had no 
influence in learning these two lists. 
After approximately the tenth trial, 
distributed practice is consistently su- 
perior to massing. Furthermore, the 
positive effects of distribution for these 
two lists were of sufficient magnitude 
that the F for the meaningfulness-inter- 
trial interval interaction was not signif- 
icant. This is to say that the combined 
effects of distributed practice for these 
two low-meaningful lists were of the 
same order of magnitude as the effects 
for the single high-meaningful list (HM- 
HS). Another way of viewing the 
intertrial interval-meaningfulness inter- 
action is to note that with high-similarity 
lists distribution favors the high-mean- 
ingful lists, but with low similarity, 
distribution favors the low-meaningful 
lists. By any way of looking at the data, 
it must be concluded that within the 
range of meaningfulness used here, there 
is no consistent interaction between 
meaningfulness and intertrial interval. 
However, as will be pointed out later, the 
data suggest certain effects of meaning- 
fulness which may be relevant for 
interpreting the effects of distributed 
practice. 

Turning to intralist similarity, it is 
apparent that for lists of high meaning- 
fulness this variable is critical in deter- 
mining whether or not distribution 
facilitates learning. But, this principle 
is not easily supported for the low- 
meaningful lists. However, the level of 
learning attained in 30 trials for List 
LM-LS is appreciably higher than for 
List LM-HS. It might be suggested, 
therefore, that had the Ss learning List 
LM-HS continued until they equaled the 
performance achieved by those Ss learn- 
ing List LM-LS, the effect of distribution 
would have been shown to be greater for 
the high-similarity list. An argument 
opposed to this would be to note that the 
curves for List LM-HS do not indicate a 
gradually widening difference between 
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massing and distribution in the latter 
part of learning. On the basis of the 
data as shown, therefore, it appears that 
intralist similarity interacts less with 
intertrial interval for the low-meaningful 
lists than it does for the high-meaningful 
lists. This suggests again, of course, 
that the triple interaction may indicate 
a reliable set of differences. 

One further point about the acquisition 
curves should be noted. For all four 
lists the initial performance (for from 5 
to 8 trials) is poorer under distributed 
practice than under massed practice. 
The effect of this is to reduce the differ- 
ences between massed and distributed 
practice when total correct Tesponses 


Acquisition curves for each list by massed and distributed practice, 


over all trials is used as the response 
measure. This cross-over phenomenon 
will be discussed in the next section. 


Retention —Due to the fact that the 
level of learning at the end of 30 trials 
was quite different for the different 
lists, the retention measurements pri- 
marily reflect these differences in 
original strength. However, certain 
facts will be mentioned briefly. First, 
there is no difference in recall as a 
function of massing and distribution 
for any list when adjustments are 
made for differences in associative 
strength at end of learning. The 
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massed and distributed conditions are 
combined, therefore, for further com- 
parisons. 

The high recall under all condi- 
tions is worth noting. As pointed out 
elsewhere (8), if naive Ss are used so 
that no proactive interference from 
previously learned lists is present, 
very little loss should occur over 24 hr. 
To demonstrate this for the present 
data, the mean number of items 
correct on the last learning trial has 
been used as a base for calculating 
percentage recall. It can be seen 
from Fig. 1 that little if any error is 
introduced by using this base. That 
is, if Ss had been given one more trial 
their performance would have been 
only slightly higher than it was on 
Trial 30. As shown in Table 3, 
percentage recall varies from approxi- 
mately 72% for the most poorly 
learned list (LM-HS) to nearly 90% 
for the strongest (HM-LS). 


In confirmation of the previous study 
using these lists (9), no difference in 
recall is observable as a function of mean- 
ingfulness when adjustments are made 
for differences in associative strength at 
the end of learning. Concerning intralist 
similarity and recall, the two experiments 
require discussion. In the previous 
study, more loss was reported for lists of 
high intralist similarity than for low 
when both were of low meaningfulness. 
The difference occurred primarily with 
items of weak associative strength. 
That is, weak items in the high-similarity 


TABLE 3 


PrRcENTAGE Recatt Basep ON NuMBER OF 
Irems Correct oN THE Last LEARNING 


TRIAL 
Line | Cres | Corecton | g Recall 
HM-HS 8.73 7.12 81.6 
HM-LS 9.35 8,39 89.7 
LM-HS 6.45 4.63 71.8 
LM-LS 8.55 7.06 82.6 
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list were forgotten more rapidly than 
comparably weak items in the low- 
similarity list. When the present data 
were examined no such difference was 
apparent. Two possibilities for the dis- 
crepancy seemed possible. First, the 
difference in the earlier experiment may 
have been a chance phenomenon. The 
other possibility was that the method 
used to compare retention was biased 
against the high-similarity list. In the 
previous study a gross probability anal- 
ysis (6) had been used to equate for 
associative strength. Since the time 
that those data were so evaluated, a 
more precise method of probability 
analysis has been worked out. It had 
been discovered that the gross method 
did produce some bias in some situations. 
The more refined method avoids this bias. 
Without detailing this method it is 
sufficient to say that it makes estimates 
of associative strength at the end of 
learning for items by using for this es- 
timation only items which have ap- 
proximately the same strength as deter- 
mined by number of times given correctly 
duringlearning. In the gross probability 
analysis this was not true. In the 
present data the refined method was used 
and no difference was obtained in recall 
as a function of intralist similarity at any 
level of associative strength. Therefore, 
the data from the earlier experiment 
were reanalyzed by the newer technique 
and the difference in recall as a function 
of intralist similarity was no longer 
present. The conclusion must be, there- 
fore, that intralist similarity as manip- 
ulated here does not influence retention 
as measured by recall. 


In summary of the retention data, 
the only variable found to influence 
recall was associative strength, 
Meaningfulness, intralist similarity 
and intertrial interval are not relevant 
variables in the recall of the present 
lists. 

Discussion 


The present data leave no doubt that 
intralist similarity is a highly important 
variable in determining whether or not 
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distributed practice facilitates learning. 
While meaningfulness and intertrial in- 
terval did not interact in any simple way, 
the argument will be advanced that 
meaningfulness cannot be ignored en- 
tirely in considering the effects of dis- 
tribution. With high-meaningful lists 
facilitation by distribution occurred only 
when intralist similarity was high. If 
meaningfulness is irrelevant, and only 
intralist similarity relevant, why was not 
distribution as effective for the list of 
high intralist similarity and low mean- 
ingfulness as it was for the list of high 
intralist similarity and high meaningful- 
ness (HM-HS vs. LM-HS)? 

It has already been pointed out that 
both in this study and in the previous one 
using the same lists, meaningfulness and 
intralist similarity interact. Given a 
constant degree of intralist similarity as 
determined by amount of duplication of 
consonants, learning will be more re- 
tarded with low-meaningful lists than 
with high-meaningful lists. The reason 
for this, it is believed, lies in the nature 
of the task presented $ when given high- 
and low-meaningful syllables. Most 
high-meaningful syllables will be per- 
ceived as words. This is not true for 
low-meaningful syllables. In the latter 
case $ must learn to integrate (in the 
Mandler sense [2]) the individual letters 
into a unitary response. Therefore, it 
may well be that letter duplication in the 
high-meaningful syllables will produce 
less interference than in the low-mean- 
ingful syllables. The high-meaningful 
syllables provide a discriminative cue of 
“wordness” not frequently present in 
the low-meaningful syllables. Thus, the 
same formal degree of intralist similarity 
could produce more interference among 
low-meaningful syllables than among 
high. The argument is, therefore, that 
interference is a critical variable de- 
termining whether or not distribution 
facilitates. Meaningfulness enters only 
because a given degree of intralist 
similarity produces more interference in 
low-meaningful lists than it does in high- 
meaningful lists. The fact that dis- 
tributed practice affected the learning of 
the low-meaningful list with low intralist 
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similarity (LM-LS) even a small amount 
could be attributed to the fact that in 
these low-meaningful lists the duplicated 
vowels produce an interference which 
does not occur in the high-meaningful 
list. 

The question still remains, however, as 
to why List LM-HS did not show greater 
facilitation under distribution than it 
actually did. If interference is a critical 
factor, this list, which produced more 
interference than any other list, should 
certainly have been facilitated by dis- 
tribution of practice more than the other 
lists. A simple hypothesis that amount 
of facilitation by distributed practice and 
amount of interference are directly 
related cannot account for this discrep- 
ancy. Thus, while the present data 
leave no doubt that interference pro- 
duced by intralist similarity is a highly 
important factor determining whether or 
not distributed practice facilitates learn- 
ing, some additional factor must be 
eventually included as a modifying agent. 

It was noted that for every list massed 
practice was initially superior to dis- 
tributed practice (Fig. 1). The main 
question concerning this observation is 
whether or not systematic relevance 
should be attributed to it. That is, does 
it have implications for a theory of 
distributed practice? The evidence, 
while not conclusive, suggests a negative 
answer. The Ss in the distributed- 
practice group had no previous experience 
in switching from the learning task to the 
cancellation task and back. The poorer 
performance may simply represent the 
retardation in learning as S learned to 
make the transitions. It might, too, 
represent slower warm-up than occurs 
under massed practice. An examination 
of the serial-position curves shows that 
the Ss having distributed practice are 
poorer on the initial items in the list than 
are those Ss having massed practice. If 
the Ss having distributed practice were 
having trouble in switching from cancel- 
lation to learning, it would be expected 
that the initial items in the list would be 
adversely affected. The fact that the 
phenomenon occurs in List HM.LS 
which is not facilitated by distributed 
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practice also suggests that the initial 
decrement of the distributed group 
should not be given theoretical relevance. 


SUMMARY 


The major purpose of this study was to deter- 
mine if meaningfulness and intralist similarity 
interact with intertrial interval in learning serial 
nonsense lists, Eight groups of 50 Ss each 
learned a single list of 10 serial syllables. The 
eight cells of the experiment were made up of two 
levels of meaningfulness (thus, a total of four 
lists), and two intertrial intervals for each list 
(massed and distributed practice). Learning 
was carried for 30 trials for all lists with recall 
after 24 hr. 

The major results were: (a) Meaningfulness 
does not interact with intertrial interval. (b) 
Intralist similarity does interact with intertrial 
interval but in a complex fashion. With high 
meaningfulness, high intralist similarity is 
clearly necessary to produce facilitation by dis- 
tributed practice. With low meaningfulness, 
intralist similarity does not influence learning by 
massed vs. distributed practice. (c) Recall was 
affected only by strength of association. 

"The results indicate that intralist interference 
is necessary before distributed practice facilitates 
serial learning. However, the relationship is not 
simple; the data do not indicate that the greater 
the intralist interference the greater the facilita- 
tion in learning by distributed practice. Some 
factor(s) modifies this relationship when a certain 
degree of interference is reached. 


. Unperwoop, B. J. 
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AN INVESTIGATION OF MEDIATION IN 
PRECONDITIONING ! 


ROBERT J. SEIDEL? 


University of Pennsylvania 


The present study is an investiga- 
tion into the nature of the mediation 
process in learning, hypothesized by 
Osgood (7) and Mowrer (6) to be pe- 
ripheral in nature. Mowrer specifies 
autonomic response mediation, while 
Osgood stresses a general peripheral 
type. The latter does, however, 
imply an autonomic basis of the me- 
diation process where plausible. Cog- 
nitive theorists (3, 4), on the other 
hand, have emphasized S-S contiguity 
as the necessary and sufficient condi- 
tion for learning. From this stand- 
point, the autonomic response factor 
would be unimportant for mediation. 

The studies done by Bahrick (1, 2) 
suggest a possible means of opposing 
the S-R and S-S theories in a sensory 
preconditioning (SPC) framework. 
Bahrick exposed rats under hunger to 
pairings of buzzer and light without 
imposing any response requirement. 
Later he gave them the training- 
transfer sequence of SPC under satia- 
tion (for food). The task learned in 
this sequence was an avoidance re- 
sponse in a shuttle box. The Ss 
showed a positive transfer effect from 
one SPC stimulus to the other regard- 
less of which stimulus was used first. 


1 This paper is a portion of a dissertation sub- 
mitted to the Department of Psychology of the 
University of Pennsylvania in partial fulfillment 
of the requirements for the Ph.D, degree. The 
writer wishes to express his gratitude to William 
A. Shaw for his persistent encouragement and 
guidance throughout the development of this 
study. The writer is also indebted to Ronald 
H. Forgus and Seymour Feshbach for their in- 
valuable advice during the course of this investi- 
gation. 

? Now at Air Force Special Weapons Center, 
Kirtland Air Force Base, New Mexico, 
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This occurred despite the fact that the 
hunger state, present during the 
exposure period, was absent. 

These data suggest that the auto- 
nomic processes, which had been 
distinctly different between exposure l 
and the training-test sequence, might | 
not have been important in mediating 
the buzzer-light association. No de- 
finitive answer could be obtained from 
Bahrick’s study, however, since there 
had been no systematic investigation 
of the autonomic factor in mediation. 
Such an approach was attempted in 
the present SPC study by varying the 
consistency of the autonomic responses 
dominant during the exposure period 
(e.g., parasympathetic) with those 
dominant during the training-testing 
sequence (e.g., sympathetic). 

According to the mediation view 
noted above, experimental groups in 
comparison to control Ss should ex-, 
hibit degrees of transfer effect which» 
would be (a) positive and relative to ` 
the degree of consistency of autonomic 
responses between exposure and the | 
training-testing sequence, or (b) nega- 
tive and relative to the degree of active 
opposition of the drive states present 
during the training-testing sequence. 
The general prediction of negative 
transfer effect stems from the high 
probability that the drive state during 
exposure (hunger) and that during 
the training-testing sequence (fear) 
were autonomically opposed. 


METHOD 
Subjects 


The Ss were 41 hooded male rats from the 
Rockland Farm stock. They weighed approxi- 
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mately 140 gm. each by the start of the exposure 
period. All received two weeks’ handling and 
gentling prior to the start of the experiment. 


Apparatus 


Exposure box.—This apparatus consisted of a 
rectangular, Masonite box with a milk-glass top. 
All sides and the bottom were painted white 
inside. A 60-w. bulb and an electric buzzer were 
placed above the glass top. Both of these were 
wired to a constant speed motor with a shaft and 
revolving disc to make possible the starting of 
the buzzer and light automatically at 30-sec. 
intervals for a 2-sec. period. Apparatus dimen- 
sions: 8 in. wide, 8 in. long, and 8 in. high. 

Training box.—The training apparatus con- 
sisted of a hurdle-jumping device similar to that 
used by Kalish (5). It was 22 in. long, 6 in. 
wide, and 5 in. deep. "There were two equal 
compartments provided with lids. The sections 
were divided by a 2-in. barrier. Both compart- 
ments contained a grid floor, a clear glass top, 
and were painted black inside. "There was a 
buzzer and light attachment outside. The 
latency of each hurdling response was measured 
by a stop watch which was started when the CS 
was turned on and was stopped when the subject 
hit the floor of the opposite compartment. 


Procedure 


General.—The experimental design, arranged. 
in three parts, was similar to that used by Bah- 
rick (2). During the first part of the experiment, 
Ss were exposed to paired presentations of light 
and buzzer. In the second part they were given 
acquisition trials of the hurdle-jumping response 
with the buzzer as CS and shock as UCS to a 
criterion of 9 out of 10 avoidance responses. 
"The third stage consisted of learning the same 
response to the light. 

All Ss were under 22 hr. food deprivation 
during the SPC exposure period, but for the sub- 
sequent parts of the design the following experi- 
mental conditions were introduced. One ex- 
perimental group (H) learned the avoidance re- 
sponse while under 22 hr. food deprivation. 
Another group (T) learned under 17 hr. water 
deprivation, and a third group (S) learned under 
satiated (hunger and thirst) conditions. The 
control group (C) learned the avoidance response 
under 22 hr. food deprivation. In measuring the 
transfer effect due to SPC, Group C’s general- 
ization was taken as an arbitrary zero level from 
which positive and negative amounts were com- 
puted for the experimental groups. 

-  Exposure.—As noted above, all Ss were under 
the same deprivation schedule during this part 
of the experiment. The Ss were randomly as- 
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signed to one of the four groups to be used in this 
study. Each day for 14 days the three experi- 
mental groups were individually given 40 2-sec, 
exposures of light and bell every 30 sec. Group 
C was exposed similarly only to the test stimulus 
—the light. (Even though this precaution was 
properly carried out, Silver and Meyer's study 
[9] showed no differences in transfer among 
control groups given test stimulus or training 
stimulus or no stimulus in the exposure period.) 
Thus, the total number of exposures were 560 
for all Ss. Seven exposure boxes were used 
simultaneously to facilitate running Ss in the 
exposure period. After each exposure session, 
Ss were kept in a delay box for 20 min. prior to 
being returned to their cages. 

Training —Each S was given hurdle-jumping 
training at the rate of 10 trials per day to a cri- 
terion of 9 out of 10 avoidance responses. The 
Ss had the buzzer as CS. The UCS (shock) 
followed the CS by 3.5 sec. and both were ter- 
minated automatically after the response was 
made or at the end of 60 sec. If S did not move 
on a given trial within 60 sec., he was removed 
and given a latency of 60sec. for that trial. On 
any given day the order of running Ss was ran- 
dom, with the exception that Groups C and H 
were run prior to feeding and Groups T and S 
were run after feeding. Intertrial interval per 
S was maintained at a minimum of 10 min. to 
allow for the dissipation of reactive inhibition. 

As stated above, one experimental group was 
under 22 hr. food deprivation, one under 17 hr, 
water deprivation? and one was satiated. In 
order to insure against the possible generalization 
between hunger and thirst, the water-deprived 
Ss were given split feeding. They were fed for 
1 hr. after 11 hr. of food deprivation and a second 
hour just prior to running. Thus at no time 
were they extremely hungry (the exposure condi- 
tion) when they were éxtremely thirsty. Group 
C was also run hungry so that their results in- 
cluded the possibility for transfer learning based 
on the presence of autonomic processes similar 
to those in the exposure condition, 

Test.—On the day following the end of the 
training series, all Ss were started on the test 
series with a running schedule similar to the 
above except for the following change, In this 
stage the light was used as the CS in place of the 
buzzer. "The amount of generalization shown by 
Group C was used as the zero level for the pur- 
pose of making judgments of positive or negative 
transfer effects in the experimental groups. 


3 The 22 and 17 hr. food and water deprivation, 
respectively, were found to be approximately 
equivalent drive levels in an unpublished disserta- 
tion at the University of Pennsylvania, by O. W. 
Lacey, June, 1955. 
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TABLE 1 


Triats To Nine SUCCESSIVE 
AVOIDANCE CRITERIA 


(N = 41) 
Training Transfer 
Group ENT 
Sew | X* | Sams | X 

C 27. | 553* | 36 |2195** 

T 20.5 25 

S 26.5 12 

H 16 17 
*.10 < P < .20, for 3 df. 
** P< 001, 


Rrsurrs 


The principal basis for analysis of 
the transfer data was the number of 
trials to reach successive avoidance 
criteria. These data‘ for both train- 
ing and transfer were subjected to 
analysis by Friedman’s nonparametric 
analysis of variance (8). Although 
the groups did not differ in learning 
to avoid the buzzer (.20 > P > .10, 
Table 1), they transferred to the light 
differentially (P < .001). In Table 
1, observation of the sums of the 
group ranks shows that the signifi- 
cance is principally due to the fact 
that Group C was consistently poorer 
in transfer than the experimental 
groups. (The reader will note that 
the sum of ranks in transfer for the 
control groups is the maximum pos- 
sible when four groups are compared 
over nine criteria.) This result in 
turn is interpreted as evidence of a 
positive transfer effect for the experi- 
mental Ss using Group C as an 
arbitrary zero reference. 

Further analysis by the Friedman 
technique shows that Groups T, S, 
and H differed in degree of positive 
transfer effect (P = .006). However, 

4 The original data are available in microfilm 


with University Microfilms, 313 North Ist Street, 
Ann Arbor, Michigan. 
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when the ranks of the groups were 
compared in pairs by the use of the 
binomial expansion test (9), only one 
comparison was significant. Group S 
(satiated) showed a consistently greater 
positive transfer effect (P — .004) 
than Group T (thirst). 
Supplementary information regard- 
ing the most sensitive point in transfer 
at which one may expect the SPC 
effect is provided in Table 2. An 
analysis of variance .by the Kruskal- 
Wallace method (8) shows that on the 
first 10 transfer trials the experimental 
groups gave more avoidance responses 
than Group C (P < .02). That this 
effect was not a result of initial free 
operant differences between these 
groups is indicated by identical anal- 
ysis during training. The Ss did not 
differ on the first 10 training trials 
(95 > P > .90). Applying the same 
analysis at the end of transfer showed 
that by the time the more stringent 
criterion of 9 out of 10 avoidance 
responses was reached, the above 
difference was no longer statistically 
significant (H = 7.39, .05 < P < .10). 
Taken together, the data analyses 
reveal that the SPC effect appears 
almost immediately in the transfer 
stage, and, while it lasts throughout 
the rigid testing session (Table 1), it 
is strongest at the early stages of 


TABLE 2 


Numper or Avomance Responses 
in First 10 Trias 


(N = 41) 

Training Transfer 
Group 

AFLA 
c 219 .36* 313.5 | 9.87** 
£ 226.5 193.5 
S 193.5 176 
H 222 178 
* 
EPER 
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"testing. Such an outcome is not 


difficult to understand if it is noted 
that with each successive transfer 
criterion the time since exposure in- 
creases, In fact, this occurrence sug- 
gests that for research in sensory pre- 
conditioning (SPC) massed testing 
will yield stronger effects than will 
distributed trials. 

It is important to note again that 
the H, T, and S groups did not differ 
markedly in degree of positive transfer 
effect, and, if they differed at all, the 
satiated group tended to be superior. 
This means that the autonomic re- 
sponse complex present during ex- 
posure was apparently irrelevant and 
possibly even a hindrance in mediat- 
ing the buzzer-light association at 
that time. 


Discussion 


If we attempt to interpret the present 
data in a mediation S-R framework, the 
most striking feature of the results is that 
varying the autonomic responses—pre- 
sumably the major contributor to media- 
tion in this instance—between exposure 
and the training-test stages had no 
detrimental effect on mediation, In- 
deed, the fact that Group S was superior 
to Group T suggests a tendency to the 
contrary. The very responses which 
should have facilitated mediation by 
being present during both exposure and 
the training and test stages actually seem 
to prevent mediation. 

It would seem difficult in the face of 
the evidence presented to maintain a 
theory of learning such as Mowrer's (6) 
which is based solely on the mediation 
value of autonomic conditioning for 
subsequent skeletal learning. Because 
Osgood’s S-R mediation hypothesis is 
more general, by virtue of a lack of 
restriction to any specific response, it is 
more difficult to anchor in any mediation 
study. Nevertheless, since Osgood cites 
many of Mowrer’s experiments as classi- 
cal examples of mediation learning, one 
may infer in the most conservative sense 
that, where they are consistent with 


223 


stimulus association, autonomic responses 
may mediate learning. Consequently, 
in applying Osgood’s mediation hy- 
pothesis to the design of the present 
experiment, one would be forced to 
predict some differences in transfer effect 
as a result of degree of autonomic 
similarity to that present during ex- 
posure. Again, if we ask what was the 
most consistent response complex present 
during the exposure period, we would be 
forced to state that it must have been 
either solely the autonomic activity 
associated with food deprivation or this 
activity in combination with some un- 
observable responses. Therefore, the 
most probable mediator from Osgood’s 
mediated S-R viewpoint, as well as that 
of Mowrer, should have been the auto- 
nomic (and allied) hunger responses. 
The following analysis presents this 
interpretation in detail. 


If we hypothesize, as do S-R theorists, that 
the PC stimuli are actually UCS's with unknown 
UCR's, then presumably prior to preconditioning 
the S-R relationships in the present study should 
have been as shown in Fig, 1, That is, 
the light and buzzer each elicited their own UCR 
and concomitant response-produced stimuli. 
Simultaneously, the induced autonomic (and 
allied) hunger responses (Ra) and their response- 
produced stimuli would also have been present, 
At the completion of Phase I, the preconditioning 
stage, a type of cross-conditioning between S, 
and S; would have been established with the re- 
sult that each became a CS with a similar condi- 
tioned-response complex and response-produced 
stimulus complex. For example, the buzzer, Sj, 
now leads not only to rs; but also to ry and 
rass. Now, in Phase II when S, is conditioned 
to Rs, so is the complex 5145s. Consequently, 
in Phase III, the transfer test, the linking of S; 
to Ry is mediated by its similar response-pro- 
duced stimulus complex, 55-51. If it is found, 
however, as it was in the present study, that 
ry, the induced response complex, has no effect 
on mediation, the data would seem to pose some 
problems for S-R mediation theory. The 
difficulties are not obviated by an alternative 
interpretation given by S-R theorists which is 
simply to assert that the autonomic responses are 
not important for mediation, 

In the latter case, there would be general 
agreement that Mowrer's mediation theory (6) 
does not hold. But if this is so, then it would 
seem somewhat damaging to Osgood's point of 
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Fic. 1. A stimulus-response conditioning analysis of sensory preconditioning. 


view (7) as well.5 Although he does not restrict 
his theory to autonomic mediation, he has ac- 
cepted Mowrer's data which seem to show that 
autonomic responses can be mediators in learning 
(7, pp. 398—412, 468-469). It seems inconsistent 
or at least theoretically not parsimonious to infer 
autonomic mediators in one transfer instance 
but to deny them to another where they are given 
equal opportunity to influence learning. 

Pursuing this interpretation further, suppose 
it is granted that the s+ in the 51-5,-5» complex is 
not effective in mediation in the present study. 
The logical difficulty arises, then, of justifying 
the effectiveness of one inferred response-pro- 
duced stimulus (sı or 52) while discounting the 
value of another (sa) which appears equally 
likely. In fact, in this experiment there was 
more certainty in the rat’s induced hunger re- 
sponses than in the existence of r1 or rs. 

One other related point requires mention. 
During Phase I, it was assumed that a type of 
cross-stimulus conditioning was established be- 
tween Sı and Sz and their unobserved UCR's. 
Since the parasympathetic autonomic responses, 
Ry, were also contiguous with the stimulus pair- 
ings, it is logical to conclude that the conditioned 
response complex after preconditioning consisted 
of rui-rif-rsf. Note again Phase II in Fig. 
1. When Rs is conditioned to Si, it is also con- 


5 This interpretation holds equally for the 
“common response" mediation proposal (10). 
The only difference would be in the quality of 
the conditioned response complex; viz., it would 
be rasi-Tofe instead of r151-raSn-T252. 


ditioned to the response-produced stimulus com- 
plex associated with Sj, namely 5,-5-5.. In the 
present experiment R, was avoidance behavior, 
a response complex which is dominated by the 
sympathetic nervous system. But the hunger 
responses in Phase I consisted primarily of 
antagonistic, parasympathetic reactions. In 
Phase II then, in order for the response-produced 
stimulus complex, 5,-5,-5», to be associated with 
Rs, the antagonistic s, associations with si-52 
would have to be extinguished first. Such a 
process would require that the control group, 
lacking the antagonistic associations, learn the 
avoidance problem faster than the experimental 
groups. However, this did not happen. 

While mediation S-R theory seems inadequate 
to account for the present data, S-S contiguity 
theory could predict such an outcome. Ac- 
cording to Birch and Bitterman latent learning 
is simply a complication of SPC (4, p. 360). 
"They thus could view the present study as a 
special case of the irrelevant drive paradigm. 
On the one hand, the hunger condition during 
exposure could be considered irrelevant since no 
appropriate reward is provided. Similarly, dur- 
ing training and testing the H, S, or T drive 
condition is extraneous to the avoidance task on 
hand. The necessary and sufficient conditions 
for mediation, S-S contiguity during exposure, 
were fulfilled for all experimental groups to the 
same degree (560 pairings of buzzer and light). 
With a sign relationship established between 
buzzer and light for the experimental groups, any 
subsequent instrumental response learned to one 
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PCS should be easier for them to transfer to the 
other PCS than for a control group with no 
pairing initially. Therefore, all should surpass 
the control group in transfer. The superior 
tendency shown by Group S could be rationalized 
from a cognitive viewpoint as being consonant 
with or analogous to the experiments on latent 
learning. The presence of a high irrelevant 
drive might simply prevent the animal from 
efficiently "attending" to the pertinent task. 


From the foregoing analysis, the 
present data seem to provide an argu- 
ment for the central interpretation of 
mediation in learning. 


SUMMARY 


In the present experiment 41 hooded rats 
were run in a sensory preconditioning paradigm. 
After the preconditioning period, they were 
trained on an avoidance problem with one of the 
preconditioning stimuli as CS. The other 
stimulus was the CS in a transfer test. During 
the training-transfer stages the experimental Ss 
were divided into three groups based upon type 
of deprivation: hungry (H), thirsty (T), and 
satiated (S). The data showed a positive trans- 
fer effect for all experimental groups in relation 
to the control group. A slight superiority of 
Group S was indicated by its significantly higher 
positive transfer effect over Group T. Itis con- 
cluded that in this SPC study specific responses 
were at least irrelevant and possibly: detrimental 
to the mediation process. Further, the data 
are interpreted as favorable to an S-S contiguity 
theory of learning and problematical for an S-R 
mediation theory. 
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A COMPARISON BETWEEN ROTE LEARNING 
AND CONCEPT FORMATION ! 


ROLLAND METZGER ? 
Northwestern University 


Rote learning and concept forma- 
tion have often been considered sep- 
arate areas of investigation, but some 
writers, e.g., Underwood (8) and 
Osgood (7), put concept formation on 
the same dimension as learning, with 
conditioning near one end and think- 
ing near the other. The present 
study will consider that portion of the 
presumed continuum where rote learn- 
ing and concept formation overlap. 

Many definitions of concept forma- 
tion can be placed into either of two 
categories: (2) those in which stimuli 
grouped on the basis of common 
Properties are attached to the same 
response, and (b) those in which two 
or more stimuli are associated with 
the same response but the stimuli 
themselves contain little or nothing in 
common. A relationship is then built 
up between stimuli by the fact that a 
common response is reinforced upon 
the occurrence of the stimuli. Con- 
cepts of both kinds will be examined 
in this experiment. 

Osgood (7) indicates that the es- 
sential condition for concept forma- 
tion is the learning of a common 
mediating response. A final common 
overt response can then be attached 
to the response-produced cue. In a 
diagram (7, p. 669) Osgood also points 
out that both discrimination and 


E NOE. 


! This article is based on a dissertation sub- 
mitted to the Graduate School, Northwestern 
University, in partial fulfillment of the require- 
ments for the Ph.D. degree: "The author wishes 
to express his appreciation to his advisor, John 
W. Cotton, for guidance and encouragement 
during the course of the study. 

2 Now at Dixon State School. 


learning are required, first in the 
discrimination of the common charac- 
teristic among the stimuli and then in 
the learning of the nonsense syllable 
response to the common mediating 
response. In the following study 
both of the above processes of dis- 
crimination and learning may be 
involved in the concept-formation 
portion of the experiment. The S 
may discriminate a common element 
and associate a common response with 
it, or there is the possibility that S 
may in reality be using more of a rote 
learning component than a concept 
formation procedure in his learning, 
i.e., he may associate each individual 
response with each stimulus on a one- 
to-one basis without making use of 
any communality between stimuli. 
If the latter is the case, then there 
should be no difference between a rote 
learning group which learns one re- 
sponse to a stimulus and a group 
which learns the same response to two 
stimuli having common elements, 
provided responses do not have to be 
differentiated and number of response 
categories is not an effective variable. 

Rote (paired-associate) learning is 
here defined as that type of learning in 
which S is required to associate a 
single response with a single stimulus, 
i.e., there is a one-to-one correspond- 
ence between stimulus and response. 
The term concept formation is here 
restrictively defined as that type of 
learning where S is required to as- 
sociate the same response to different 
stimuli, i.e., two or more stimuli are 
attached to the same response. This 
restricted definition meets the char- 
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acteristics implied in the two cate- 
gories of concepts mentioned earlier. 

Systematic concept formation indi- 
cates those conditions in which E 
attaches, to the same response, stimuli 
which have elements in common for 
the first two or three positions in the 
stimulus. 

This study deals with several as- 
pects of a stimulus-response learning 
task. Among these are number of 
elements in a stimulus, number of 
stimuli, number of response alter- 
natives, concept formation, and rote 
learning. 

In the design of this study a rote 
learning condition can be transformed 
into a concept formation condition in 
two ways: (a) by increasing the num- 
ber of stimuli but keeping the number 
of response alternatives constant; and 
(b) by decreasing the number of re- 
sponse alternatives and keeping the 
number of stimuli constant. Experi- 
ment I will examine the first method; 
Exp. II, the second. 


EXPERIMENT I 


This experiment compares rote 
learning with systematic concept for- 
mation achieved by doubling the 
number of stimulus alternatives. 


Method 


Materials —Individual stimuli consisted of 
groups of three or four triangles, each of which 
was either large or small. A typical pattern 
looked as follows: AAA. Responses were num- 
bers ranging from 1 to 8 as needed. Each list 
consisted of 4, 8, or 16 stimulus-response pairs. 
Presentation was made by means of a memory 
drum. First the stimulus appeared alone for 
2 sec. and then the stimulus and required re- 
sponse appeared together for 2 sec. (a 2:2 rate of 
presentation). Four random orders of presenta- 
tion were used for each list. Learning was toa 
criterion of one perfect recitation. 

Conditions.—There were four groups of 20 Ss 
per group, each group being required to learn 
one of the lists shown in Table 1. In Table 1 
the columns represent the type of learning vari- 
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TABLE 1 


Lists anp Mean Triats To REACH 
One Perrect RECITATION FOR 
Grours IN ExpERIMENT I 


Type of Learning 
Response Row 
Alternatives Systematic | Means 
Rote Concept 
Formation 
A B 
LSS-1 LSS-1 
SLL-2 LSL-1 
LLS-3 SLS-2 
SSL4 SLL-2 
4 LLS-3 
8.1 LLL-3 
SSS-4 16.6 
SSL-4 
25.2 
c D 
SLSS-1 SLSS-1 
LLSS-2 | SLSL-1 
SSSL-3 LLSS-2 
SSLS-4 | LLSL-2 
LLLS-5 | SSSS-3 
LSSL-6 | SSSL-3 
SLLL-7 | SSLS-4 
LSLL-8 | SSLL-4 
8 LLLS-5 
21.2 LLLL-5 
LSSS-6 
LSSL-6 
SLLS-7 
SLLL-7 34.6 
LSLS-8 
LSLL-8 
48.0 
Column 14.6 36.6 25.6 
means 


Note.—L indicates large triangle; S indicates small 
triangle. 


able (rote vs. systematic concept formation) and 
the rows the number of responses variable. The 
elements of the stimulus are represented in Table 
1 by an “S” fora small triangle and an “L” for a 
large triangle. Thus AAA would be repre- 
sented by LSL. As an illustration of what is 
meant by systematic concept formation, note in 
Group B that those stimuli which have LS as 
their first two elements both have the same re- 
sponse attached to them, viz., vi 

Temporal arrangements—The Ss were se- 
quentially assigned to the groups, all with the 
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understanding that they would serve for 1$ hr., 
even though it was apparent in some cases that 
this amount of time would not be necessary. 


Results 


The response measure used for this 
study was the number of trials re- 
quired to reach the criterion of one 
perfect recitation. As some Ss failed 
to learn the list to this criterion 
within 70 trials, a score of 70 was 
arbitrarily assigned to those Ss. This 
truncation of the distribution, of 
course, makes for non-normality of 
the data, even after the transforma- 
tion described below. Cochran (3) 
has pointed out that no serious error 
is introduced by non-normality in the 
significance levels of the F test. 

Table 1 shows the mean number 
of trials to reach the criterion for each 
of the four groups in this experiment. 

A Bartlett’s test (3) for homogeneity 
of variance was significant (x? = 11.36 
for 3 df) The transformation 
X' = YX was therefore applied to 
each S's score. A Bartlett's test on 
the transformed data resulted in a 
nonsignificant x? (2.47 for 3 df), per- 
mitting the conclusion that the X’ 
distributions have homogeneous vari- 
ances. The transformed data were 
used in all further analyses, 

The results of an analysis of vari- 
ance on transformed scores for the 
groups of Table 1 show significant row 
effects (F = 63.10; 1 and 76 df), 
significant column effects (F = 94.98; 
1 and 76 df), and no significant inter- 
action (F <1; 1 and 76 df). This 
analysis of variance indicates that the 
effect of rote learning vs. systematic 
concept formation is significant, when 
the difference between these two types 
of learning is achieved by doubling 
the number of stimuli while keeping 
the number of response alternatives 
constant, 


Experiment II 


In contrast to Exp. I, this experi- 
ment compares rote learning with 
systematic concept formation achieved 
by altering the number of responses 
while the number of stimuli are held 
constant. 

In addition, two other comparisons 
will be made, viz., the effect of an 
additional column element to the 
stimulus and a comparison between 
systematic concept formation and 
random concept formation. The 
term random concept formation indi- 
cates those instances in which the 
stimuli attached to the same response 
by E are assigned at random. This 
is in contrast to systematic concept 
formation in which stimuli attached 
to the same response by E have the 
same elements for the first two or 
three positions. 


Method 


The materials were identical to those in Exp. 
L There were eight groups of 20 Ss per group, 
each group being required to learn one of the 
lists shown in Table 2. Groups B and C were 
already reported in Exp. I. The temporal arrange- 
ments were identical to those in Exp. I. 


Results 


The response measure and maxi- 
mum possible score for Exp. II are 
identical to those of Exp. I. Table 2 
shows mean number of trials to reach 
the criterion for each of the eight 
groups of this experiment. 

To make all comparisons in this 
experiment on the same basis, a Bart- 
lett’s test was made for all eight 
groups of Table 2 and it was found 
that the sample variances differed 
significantly (x? = 30.91 for 7 df). 
The transformation X’ = YX was 
therefore applied to each S’s score. 
A Bartlett’s test on the transformed 
data resulted in a nonsignificant x? 
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TABLE 2 


Lists AND Mean Triats To Reach 
One Perrect RECITATION FOR 
Groups iN Experiment II 


3 Elements | 4 Elements | 4 Elements 
Response 8 Stimuli 8 Stimuli 16 Stimuli 
Alternatives 
E F G 
LLLI | LLLS-1 |SSLL-l 
SLSL-3 
LSS-1 | LSSL-1 | SLLS-1 
LSSS-3 
sss-2 | SSSL2 | SLLL-1 
LSLS-3 
LSL2 | LSLL2 | LSLL-1 
fige LLLS- 
3 SLS3 | SLSS-3 | SSSL-2 
d SSSS-4 
Cis LLS3 | LLSS3 | SSLS-2 
SLSS-4 
SLL-4 | SLLL-4 | LLSL-2 
LSSL-4 
SSL4 | SSLS4 | LLLL-2 
LLSS-4 
184 40.4 51.2 
B H J 
LSS1 | LSSL | LSSS-1 
LLSS-3 
LSL-] | LSLL-1 | LSSL-1 
LLSL-3 
SLS2 | SLSS2 | LSLS-1 
LLLS3 
SUL2 | SLLL-2 | 1SLL-1 | 
iSysemt| pps | LLSS- | SLSS2 
lly SSSS-4 
assigned | LLL-3 | LLLS-3 | SLSL-2 
SSSL-4 
gss-4 | SSSL4 |SLLS2 
SSLS4 
ssi-4 | SSLS4 |SLLL-2 
SSLLA 
252 250 38.4 
K C 
SLS-1 | SLSS-1 
LLS2 | LLSS2 
gss3 | SSSL3 
SSL4 | SSLS-4 
5 LLLS | LLLS-5 
LSS-6 | LSSL-6 
SLL-7 | SLLL-7 
LSL-8 | LSLL-8 
19.0 21.2 


Note.—L indicates large triangle; S indicates small 
triangle. 
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(6.96 for 7 df). All further analyses 


were made on the transformed data. 

An analysis of variance was made 
on the transformed data of the 2 X 2 
table formed by Groups B, H, K, and 
C, in which the rows represent the 
systematic concept formation vs. rote 
learning variable and the columns 
represent number of elements in the 
stimulus. This analysis indicates no 
significant differences for type of 
learning (F = 3.85; 1 and 76 df), for 
number of elements in the stimulus 
(F <1; 1 and 76 df), or for inter- 
action (F < 1; land 76 df). It may 
be concluded that when a rote learning 
task is changed to a systematic con- 
cept formation task by reducing the 
number of different response alter- 
natives, the rate of learning is not 
changed significantly. 

The comparison between systematic 
and random concept formation was 
made as two subanalyses. The first 
has the number of elements in the 
stimulus as the second factorial vari- 
able; the second subanalysis has the 
number of stimuli as the second 
factorial variable. 

The first subanalysis consists of the 
2 x 2 table formed by Groups E, F, 
B, and H where rows represent the 
type of concept formation variable 
and columns represent number of ele- 
ments in the stimulus. This analysis 
of variance shows the main effect of 
type of concept formation not to be 
significant (F < 1; 1 and 76 df) while 


number of elements in the stimulus 


(F = 10.22; 1 and 76 df) and inter- 
action (F = 13.40; 1 and 76 df) are 
significant. 

"The second subanalysis consists of 
the 2 X 2 table formed by Groups F, 
G, H, and J where rows again repre- 
sent the type of concept formation or 
number of responses variable but the 
columns now represent number of 


stimuli, An analysis of variance 
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shows both type of concept formation 
(F = 11.63; 1 and 76 df) and number 
of elements in the stimulus (F= 11.52; 
1 and 76 df) to be significant, but in- 
teraction not to be significant (F <1; 
1 and 76 df). 


Discussion 


The main finding of Exp. I is that, 
when a rote learning task is transformed 
into a systematic concept formation task 
by doubling the number of stimuli and 
keeping the number of response cate- 
gories constant, the difficulty increases. 
This statement should be critically 
examined in the light of the operations 
involved. Doubling the number of 
stimuli naturally doubles the length of 
the task, since the length of the task is 
intrinsically associated with the number 
of stimuli, Therefore, when we are 
manipulating rote learning versus sys- 
tematic concept formation by altering 
number of stimuli, we are almost by 
definition varying length of list. Length 
of list has long been known to be an 
effective variable (2, 5, 6) with longer 
tasks being more difficult. This con- 
clusion, then, is a special case of a well 
known principle. 

The significant increase in trials to 
learn with an increase in number of 
responses (the row variable of Table 1) 
must not be interpreted as a pure effect 
of number of responses, It will be noted 
in Table 1 that the rows differ not only 
in number of responses but also in 
number of stimuli and number of ele- 
ments in the stimulus. Therefore this 
row effect really represents a combined 
effect of number of stimuli, number of 
elements, and possibly number of re- 
sponses. 

One of the purposes of Exp. II was to 
determine whether there was any differ- 
ence between rote learning and concept 
formation when concept formation was 
achieved by reducing the number of 
different response categories. The anal- 
ysis of variance of Groups B, H, K, and 
C indicate that a change in number of 
response categories is not an effective 
variable. 


The result of this analysis is in line 


with that of Bricker (1), who used binary - 


stimulus elements and changed the 
number of responses available to S. He 
found that his perceptual task did not 
seem to be affected by changes in number 
of available responses. When the num- 
ber of stimuli was held constant, in the 
present experiment and in Bricker’s ex- 
periment, variation in number of re- 
sponse categories was not found to be a 
significant variable. 

The result that number of response 
alternatives is not an effective variable 
also agrees with an experiment by Hake 
and Eriksen (4). Hake and Eriksen had 
S attach varying numbers (2, 4, or 6) of 
labels (responses) to a series of 16 visual 
patterns. These writers found differ- 
ences in learning as a function of number 
of responses in their task, which was 
somewhat similar to that of the present 
study; the difference, however, disap- 
peared when their raw data were cor- 
rected for chance responses.? 

It could possibly be expected that 
number of response alternatives in a task 
should be an effective variable when the 
responses have to be acquired for the 
first time as, for example, in a nonsense 
syllable task. Note that the responses 
for the current study were so chosen that 
S would not have to learn which response 
options were available. The $ already 
knew the responses (numbers) per se 
extremely well. The S’s task was to 
associate the response with the proper 
stimuli. Therefore this study tested the 
association of stimulus and response un- 
confounded with the acquisition of a set 
of responses. Under these conditions 
there was no difference between rote 
learning and systematic concept forma- 


*No corrections were made for chance re- 
sponses in the present experiment due to the type 
of response measure used, i.e., trials to criterion. 
In a four-item list where chance responses would 
be at their highest effectiveness, the probability 
of S attaining the criterion of four consecutive 
Correct responses by chance alone would be 
(1/2)4 = .0625. This was considered to be so 
low as not to warrant correcting for chance re- 
sponses. In an 8-or 16-item list, of course, the 
probability would be even lower. 
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tion when the number of response 
categories was varied. 


A set of postulates which might account fog 
the results of Table 2 are as follows: 

1. In Groups E, B, and K (three column) the 
task is relatively simple so that factors which 
might make for difficulty have no effect and no 
use is made of any help which might be available 
to overcome any factors which might make for 
difficulty ín a more complex task, Hence Groups 
E, B, and K tend to be relatively alike. 

2. Ina more difficult task (four column stimu- 
lus) response interference (two or more stimuli 
attached to the same response) tends to increase 
difficulty. 

3. Systematic concept formation tends to re- 
duce difficulty. 

4. An increase in number of stimuli increases 
difficulty. 

Postulate 2 accounts for the high value of 
Group F. Postulates 2 and 3 together account 
for the relatively low value of Group H. The 
difficulty created by response interference is 
offset by the aid afforded by systematic concept 
formation. Group C has a relatively low value 
because there is no response interference. 
Postulate 4 accounts for the higher values of 
groups G and J as compared with F and H, 
respectively. 

With the above postulates, the nonsignificant 
difference between rote learning and systematic 
concept formation in Exp. II would be inter- 
preted in the case of the four-element stimulus 
groups as the net effect of response interference 
offset by the help afforded by systematic concept 
formation. The fact that systematic concept 
formation has an effect is shown by the sig- 
nificance of the variable of type of concept forma- 
tion in the second subanalysis above. 

In summary, it may be stated that the main 
result of Exp. II is that when a rote learn- 
ing task is changed to a concept formation task 
by varying the number of response alternatives, 
the change in number of response categories is 
not a significant variable. 


SUMMARY 


This investigation compared rote (paired- 
associate) learning, systematic concept forma- 
tion, and random concept formation- 

Experiment I compared rote learning with 
systematic concept formation when the differ- 
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ence between the two types of learning was 
achieved by varying the number of stimuli. 
"The difference was found to be significant. The 
change in number of stimuli was identified with 
length of list which has long been known to be an 
effective variable. 

Experiment II compared rote learning with 
systematic concept formation when the differ- 
ence was achieved by varying number of re- 
sponses. This difference was not found to be 
significant. Experiment II also compared sys- 
tematic concept formation with random concept 
formation in two factorial designs. No differ- 
ence was found between these two types of con- 
cept formation when number of elements in the 
stimulus was the second factorial variable. The 
difference between the two types of concept 
formation was, however, found to be significant 
when number of stimuli was the second factorial 
variable, 
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In a previous study from this 
laboratory, Hoffman (3) showed that 
a noise was equally detectable no 
matter whether it was steady, in- 
terrupted, or frequency modulated. 
However, the detection of these attri- 
butes in the signal was affected by 
certain combinations; it was shown 
that the detection of the presence of 
periodic interruptions in a noise was 
unchanged when frequency modula- 
tion was added, but that the detection 
of the presence of frequency modula- 
tion was more efficient without peri- 
odic interruptions than when these 
were introduced, It would seem that 
combining two different attributes in 
a signal can render one of the attri- 
butes even less apparent. In Hofi- 
man’s experiment (3) the periodic 
interruptions may have broadened the 
bandwidth of modulation, but some 
sort of psychological effect also may 
have occurred. One must also be 
prepared to expect enhanced effects 
as well as reduced effects under some 
conditions of attributes to be added. 

A number of interesting questions 
in cue detection and signal discrimina- 
tion are raised by this type of ap- 
proach. How can an attribute, with 
a certain discrimination-probability 
for a simple change in a steady state, 
not add its bit to the discrimination- 
probability for a complex change? Is 
there any real inhibitory process in- 
volved? Should one not oftener ex- 
pect a facilitation? What is the size 
and nature of the correlation between 
the psychophysiological processes un- 


1 Now at the Pennsylvania State University. 


derlying two attributes presented 
simultaneously? What is the ex- 
pected statistical coupling between 
two uncorrelated attributes? 

It was decided to attack these 
problems with somewhat simpler stim- 
ulus complexes and simpler response 
categories than used in the previous 
pioneer study. A steady-state pure 
tone was varied (after a brief silent 
interval) either in frequency or in- 
tensity, or in both simultaneously. 
The S was not required, as previously, 
to decide whether either or both at- 
tributes varied, but simply to dis- 
criminate differences in tones which 
varied slightly in frequency and/or 
intensity. 

The problem thus becomes one of 
determining the joint discrimination- 
probability of the combination of two 
and only two simultaneous cues, the 
discrimination-probabilities of each 
cue alone having been rather precisely 
determined beforehand. 

Pitch and loudness cues were chosen 
utilizing an interval of silence, rather 
than any of dozens of other possi- 
bilities, because’ a series of factor 
analytic studies (2) have provided a 
tentative notion of the size of the 
correlation between these two primary 
auditory abilities, among others. 
This correlation appeared to be usefr’ 
in helping to interpret discriminatio. 
probabilities yielded by the two cue 
simultaneously. i 


The generalized problem, in somewhat differ- 
ent form, has been dealt with before. For two 
cues, or two sensory inputs which are uncorre- 
lated, one would necessarily expect that what is 
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missed by one cue, or sensory input, will be 


picked up with a certain detection-probability - 


by the other cue or input. Barany (1) and 
Pirenne (6) considered this possibility for the 
two sensory inputs represented by binocular 
vision. Smith and Licklider (7) considered con- 
tact detection in quiet with one vs. two ears. 
Pikler and Harris (5) extended the binaural 
problem from contact detection to pitch dis- 
crimination, and wrote the formula for the joint 
discrimination-probability of two simultaneous 
uncorrelated cues: 


Lu 


"This formula will be referred to as the statis- 
tical coupling hypothesis. In the last-mentioned 
study the authors leaned toward rejecting the 
statistical coupling hypothesis in favor of a 
dynamic interaction between the ears. 

Marill (4) has considered the joint detection- 
probability of two frequencies separated by a 
relatively slight frequency difference (40 cps) 
and again separated by a full octave. He shows 
that for the octave separation the joint probabil- 
ity is simply that of the more detectable fre- 
quency, but that for the narrow separation the 
less detectable frequency yields a significant 
increase (maximum improvement: 8295 and 
84% add up to a joint 96%; minimum improve- 
ment: 61% and 62% add up to a joint 65%). 
This increase varies with percentage difference 
between frequencies. 

This means that for the human observer it 
matters whether a signal energy is spread over 
two (or more) components, or is contained within 
a single pure tone. (As Tanner [8] has shown, 
the human observer acts something like a sub- 
jectively adjusted filter in that the detection- 
probability of a frequency is less when that 
frequency is only one of two frequencies which 
may be presented—and this selective filter 
action is sharp enough to register à 10% fre- 
quency difference.) 

Marill showed that the detection of a tWo- 
component signal, both components of which are 
within the pass-band of the human filter, can be 
well predicted by considering the total energy to 
be concentrated in either one of the two com- 
ponents; one simply combines energies, enters 
the graph for either frequency to find the de- 
tection-probability at that energy, and the datum 
is a good prediction of the joint detection-prob- 
ability. 

It is not, unfortunately, possible to use this 
relatively simple technique in predicting joint 
discrimination-probability when two immiscible 
cues or attributes of a signal, such as frequency 
and intensity, are simultaneously altered. 


Pioint = Pi + P2 — PiPs 
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The present experiment was de- 
vised to obtain the joint discrimina- 
tion-probabilities of a large number of 
combined pitch and loudness cues, to 
relate the joint probability of each 


"combination to those of the cues 


individually, and to explore so far as 
possible the nature of the interactions, 
if any, of these cues. 

A relatively low frequency was 
selected in order to work within a 
frequency region where the place" 
theory of pitch has least cogency. 
At 125 cps it is thought that frequency 
as well as intensity is mediated in 
some way by number of synchro- 
nously active fibers. Presumably the 
correlation between attributes should 
be highest where similar neural mech- 
anisms are involved. 


METHOD 


Five adult men with normal acuity at 125 cps 
were used. They were required to make 120 
judgments at a sitting as to whether a third tone 
was more like the first or the second of two previ- 
ous tones. This is the now familiar “ABX” 
technique. Tone A was always a 125-cps tone 
1 sec. in duration at 10 db sensation level. 
Tone B, following 1 sec. of silence, itself also 1 
sec. in duration, was either 0, .5, .75, 1, or 1.25 
cps greater in frequency, as well as 0, .4, .8, 1.2, 
or 1.6 db higher in intensity. Each of these 24 
combinations (0-0 was never given) was pre- 
sented five times in each session in a random 
fashion. After another 1 sec. of silence, Tone X 
was presented, which was identical with either 
A or B in a random pattern. A 5-sec, voting 
period followed. ‘This sequence was impressed 
twice on magnetic tape, Forms A and B, with a 

Ampex studio tape recorder, using the usual 
precise laboratory switches, attenuators, etc., 
and was played back to S with the same Ampex 
equipment. 

The range of cues was carefully chosen by 
previous exploration so that each pitch and 
Joudness cue, by itself, fell within each S's 
interval of uncertainty, and preferably nearer to 
50% than 100%. ‘Two compromises were made: 
in the least discriminating S the cues were made 
generally easier on another tape, and in the most 
acute S the sensation level was dropped to 7 db. 
All Ss generally made 100 judgments on each 
combination. One S needed only 50 judgments, 
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and one S needed 200, before an informal se- 
quential analysis revealed anything like satis- 
factory stability. 


RrsuLTs 


The raw data, in the form of per- 
centage of correct items for each 
combination, are entered in Table 1.? 
The cells represent each a certain 
combination of pitch and loudness 
cues. The cells in the upper left 
quadrant represent those combina- 
tions relatively easy in both dimen- 
sions; the upper right quadrant con- 
tains combinations of easy pitch cues 
and relatively difficult loudness cues; 
and so on. Note that the extreme 
right hand vertical column represents 
pitch cues only (the loudness cue 
being 0), while the bottom row 
represents loudness cues only (pitch 
cue of 0). 

The matrix of cells allows one to 
look at the discrimination-probability 
of, say, a l-cps frequency change and 
to observe the progressive effect of 
adding a more apparent loudness 
cue (read from right to left, next to 
top row). All other progressions can 
similarly be brought to light by 
passing through the matrix using 
other pathways. 

Judgmental difficulties—The S ex- 
periences many difficulties in dis- 
criminations of the sort demanded 
here. In the first place, the ABX 
judgment demands, or at least makes 
possible, a multiplicity of subjudg- 
ments before a final judgment is made. 
However, the crucial advantage of the 
ABX technique in this particular 


2 Tables giving for each S (a) the obtained 
percentage correct, (5) the percentage predicted 
from Formula 1, (c) the datum smoothed in the 
pitch dimension, (d) the datum smoothed in the 
loudness dimension, and (e) the average 
smoothed data, have been deposited with the 
American Documentation Institute. Order 
Document 5640, remitting in advance $1.25 for 
microfilm or $1.25 for photocopies. 
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TABLE 1 


PERCENTAGE CORRECT JUDGMENTS FOR 
COMBINATIONS OF PITCH AND LOUDNESS 


Cuers 
CEE Variable Differences in Decibels 
Descend- 
ing Order} 
PEDE due 12 | 38 4 0 


Note.—For S: the pitch steps were 1,5, 1.75, 2.0, 
and 2.25 cps. For all others the steps were .5, .75, 1.0, 
and 1.25 cps, 


experiment (preventing S from re- 
sponding “Same” in the usual AX 
technique) far overrides the dis- 
advantage of judgmental complexity. 

The optimum situation, it might be 
thought, would be perhaps to give S 
two tries at every item—once when 
he attends to the pitch cues and once 
to the loudness cues. In the present 
case this could not be done for two 
reasons: (2) with a great many items 
S was unaware of any change at all 
(though he could still perform better 
than chance), and (b) in many cases 
a slight change in intensity seems to 


i 


ia 
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produce a pitch change, and vice 
versa, so that the attributes are not 
in any real sense separable. 

Another difficulty experienced by. 
al Ss was concentrating for long 
periods on the very weak sounds used, 
and on the minute differences intro- 
duced (the level of certainty was by 
design kept extremely low to reduce 
the expected ceiling effect, if any 
additive effect should appear). 

In view of these difficulties it was 
not surprising that there should be 
some inversions in the data among 
adjacent cells. Adjacent cells in this 
study, after all, represent to S almost 
infinitesimal differences in any di- 
mension. 

It was clear from the analysis of the 
data when half completed that addi- 
tional judgments were likely to aid 
statistical clarity, and a complete 
replication was performed. An item 
analysis, and a comparison of data 
from Forms A and B, eliminated two 
items which were either miscut or 
subject to some obscure serial position 
effect. It was felt at this point that 
additional judgments would not add 
significantly to our knowledge of the 
nature of cue interaction, and the 
experiment was terminated. 

Reliability of the data.—There are 
two ways, at least, to look at the 
reliability of the data. One can con- 
sider the judgments within each cell 
as successive series. This has been 
done for successive groups of 20 
judgments each, calculating the SD of 
the mean for each cell using a small- 
samples formula. The SD's for the 
0 rows and columns run about 1076 
(mdn. = 11.2%) and are representa- 
tive of the whole matrix. It does not 
appear that the variance of cells 
containing one cue alone is any differ- 
ent from that of cells containing two 
cues. : 

It is clear that differences between 


any two adjacent cells are statistically 
unclear, as they are phenomeno- 
logically unclear (as may be expected 
when one is working within such a 
small portion of the interval of un- 
certainty), but that for larger and 
larger differences along any dimension 
a higher and higher level of confidence 
is achieved. 

Another look at reliability in a 
general sense is provided by the con- 
sistency of the two “smoothing” proc- 
esses available for every cell, hori- 
zontally and vertically.. If each row 
and column is considered as a set of 
psychophysical data, a curve can be 
fitted to each row and column, which 
yields two “smoothed” figures for each 
cell. These values (data fitted by 
probit paper) are for every S for 
every cell. Now in a cell where the 
two coincide, and agree with the raw 
data, one has, of course, the most 
confidence in the reliability of the raw 
data. Where they coincide, but the 
raw data diverge in one of the cells, 
one tends to feel that the raw data in 
that cell were subject to fluctuation 
from unknown causes. Where the 
two smoothed figures disagree, and the 
raw data differ from either, one 
seeks to add additional raw data. In 
119 of the 144 cells the raw data agree 
within 5% or less as compared with 
the average of the two smoothed 
frequencies. 

Generalization of the usual two- 
variable psychometric function.—By 
adding a second independent variable, 
the plane geometry of the psycho- 
metric function is extended to a third 
dimension. The variable tone is pre- 
sented as different both in frequency 
and intensity within the two separate 
intervals of uncertainty. The new 
dimension leads to the concept of 
“psychometric surfaces" rising above 
the plane of the usual two-dimensional 
plot. In this situation as in the 
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classical two-dimension situation the 
dependent variable is percentage of 
correct answers. 

A first clear observation is the gen- 
erally ordered nature of all matrices. 
For all Ss there are generally con- 
sistent progressions in discrimination- 
probabilities as one moves in Table 1 

_from the bottom upwards, or moves 
from right to left. "This indicates (a) 
that some sort of interaction (defined 
later more carefully) does occur, and 
(b) in an additive direction (since the 
joint probabilities are almost always 
more than those of the more dis- 
criminable cue), and (c) that this 
interaction is a general characteristic 
for all Ss. 

A second observation is that in 
almost no cell does the experimental 
datum equal or approach the figure 
predicted by the statistical coupling 
of uncorrelated cues. This comes as 
no surprise, since it was already 
known that the cues used here were 
not uncorrelated (2). The joint prob- 
ability of any cell can be calculated 
from Formula 1. (These figures may 
be described as “probabilities” be- 
cause they can be assumed to be 
related in a linear fashion to the true 
probabilities, With the present data, 
50% correct is chance and has a 
probability of 0; 75% correct has a 
probability of .5; and so on.) 

A third observation is that there is 
no consistent tendency for a cue to 
alter its percentage contribution when 
the value of the other component 
changes. If, for example, a pitch cue 
of .5 cps yields a percentage of 10 
better than chance, then one can 
expect that adding a pitch cue of .5 
cps to amy loudness cue (limits 
discussed below) will result in an im- 
provement of just about 10% in the 
joint probability over that for the 
loudness alone. This is, of course, 
true only for the relatively linear 
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portion of the psychometric curve for 
loudness alone. 


With S; for instance, for whom the joint prob- 
abilities all are encompassed between 67% and 
87%, and with S4, for whom the joint probabili- 
ties are also quite low, the percentage over 
chance furnished by a second cue alone is a uni- 
formly good predictor of the percentage increase 
furnished by that second cue to the joint prob- 
ability. For S2, for whom the joint probabilities 
are high, ranging from 76-95%, and generally are 
over 85%, the percentage contribution of a second 
cue is truncated by a ceiling effect. But even 
in Sz, the full percentage contribution increase 
expected from the second cue is found wherever 
the first cue is relatively weak. 

A seemingly contradictory S in this respect is 
S;, in whom not less, but more is occasionally con- 
tributed by a second cue than would be expected. 
But note that S; is operating generally in the 
initial portions of his psychophysical functions; 
in these portions a certain stimulus increment 
Occasions a slighter rise in probability of dis- 
crimination than in later portions. 

The possibility here is helpful of equating the 
effects of frequency and intensity one to the 
other by going through the psychophysical 
functions as transforms. 

Si is an illustrative case in which the truly 
linear portions of the psychophysical functions 
are available. For S; an increase of 10% in the 
middle portion of his pitch curve is occasioned 
by a pitch cue of about .55 cps, and by a loud- 
ness cue of about .62 db. Thus, in terms of a unit 
on the psychophysical function, an increment of 
-55 cps is equivalent to one of .62 db. Curve A 
(Fig. 1) can now be adjusted by .55 cps instead 
of 10%, as is done in Curve B, Curve B, now, 


% CORRECT 


-50 .25 0 


1.25 1 -75 
VARIABLE IN G/S 


Fic. 1. The obtained psychophysical func- 
tion for pitch (circles) and the best fitting ogive 
(Line A); the obtained effect of adding .8 db 
intensity cue to pitch cues (crosses) and the 
predicted effect of adding .62 db intensity cue to 
pitch cues (Line B). 
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represents a prediction of the addition of .62 db 
loudness cue to all pitch variables. The crosses 
entered in Fig. 1, which represent the raw prob- 
abilities of pitch-cues-plus-.8-db-loudness-cue 
(as close as available here to .62 db) are seen to 
follow the prediction within experimental error, 


Discussion 


From the above it is known that inter- 
action occurs and always in an additive 
direction, and almost never reaches the 
level predicted by the hypothesis of 
statistical coupling with uncorrelated 
cues. These points will be discussed in 
order. By the noncommittal term "'in- 
teraction” we mean only that the two 
simultaneous cues produce results differ- 
ent from either cue alone, and different 
from the results predicted by the sta- 
tistical hypothesis. If the compound 
cue yielded only the datum of the more 
powerful cue, we would have to conclude 
that the less powerful cue was completely 
disregarded; whereas if the compound 
cue yielded the datum predicted by the 
statistical hypothesis, we would have to 
conclude that the two cues were com- 
pletely uncorrelated. Since the truth 
quite evidently lies between these ex- 
tremes, we conclude that some inter- 
action exists. 

We offer two possible explanations for 
this interaction, or rather we conceive 
two synergistic interactions, one in terms 
of a synchrony or partial synchrony 
between fluctuations of discriminability 
for pitch and fluctuations of discrimi- 
nability for loudness, the other in terms 
of an overlap of cochleo-neural events 
for pitch and for loudness. We believe 
that both interactions occur, and we 
provisionally call the first type “correla- 
tion of fluctuation phase,” and the second 
type “cochleo-neural overlap.” 

A positive correlation of fluctuation 
phase would occur if peak sensitivity for 
pitch and peak sensitivity for loudness 
occurred simultaneously, and minimum 
sensitivity likewise. If the two fluctua- 
tions were at random one with the other, 
no correlation would occur. These two 
fluctuations undoubtedly do occur, as we 
see from the uncertainty of the psycho- 
physical function, but one can hardly 


believe that they are completely un- 
correlated, since they have a convergence 
in the central nervous system. 

It might be thought that this type of 
correlation alone could account for the 
data, except that this type of interaction 
would have the same magnitude no 
matter what the individual probabilities 
of the cues in any combination; in other 
words, the amount by which the raw 
data would fall below the statistical 
prediction should be a constant. Yet 
Table 1 shows that the difference be- 
tween the obtained and predicted prob- 
abilities varies systematically through 
the matrices. The differences are least 
in the upper left-hand quadrants and 
greatest in the lower right-hand; and 
this is true even for S; and $4, for whom 
no ceiling effect is present. We conclude 
that at least one type of interaction must 
be in play in addition to the correlation 
of fluctuation phase, and moreover is 
dependent in a regular manner upon the 
strength of the cues, being greatest 
when the strength is weak. 

We here suggest that the second type 
of interaction is dependent upon cochleo- 
neural overlap. When a pure tone, 
changes in the region of 125 cps, even b 
only a fraction of a cycle, a slight shift i 
the cochlear pattern basalwards may be 
expected on the basis of electrical phase 
studies of cochlear patterns. But this 
is also exactly what one expects in the 
case of a slight increase in intensity, as is 
known from the basalward asymmetry of 
masking data especially at low fre- 
quencies. We believe that this type of 
interaction is a consequence of the | 
electroanatomy of cochlear patterns and 
that for these two particular cues only an 
additive interaction could occur. 

In order to explain these results, the 
present theory is that the two types of 
interaction operate in the same additive 
direction, the correlation of fluctuation 
phase having a low but constant value, 
the cochleo-neural overlap having a 
variable value depending upon strength 
of individual cue.’ 


3 The second author does not entirely agree 
with the foregoing discussion, preferring to re- 
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A suggested formula to contain these 
ideas is as follows: 


Pj = Pi t+ P2—kPiP2—C [2] 


where C is a constant depending upon the 
correlation of fluctuation phase, and k 
is a constant depending upon extent of 
cochleo-neural overlap. From the pres- 
ent data, it is possible to estimate that C 
is of the order of magnitude of 5% (about 
the minimum reduction of obtained from 
predicted probabilities for M and P, the 
two Ss with little or no ceiling effect), 
and k is of the order of 1.2 for M and 1.4 
for P (there is the strong possibility of a 
real S difference in extent of interaction). 

One can conceive further studies which 
wil throw light upon these matters. 
Until some of the parameters are ex- 
plored, the present explanation of the 
nature of interaction must be regarded as 
speculative. 


SuMMARY 


The interaction of pitch discrimination and 
loudness discrimination was studied when both 
cues were present in the same stimulus. 

The addition of a second cue, even when it 
was by itself almost completely undetectable, 
never failed to add its bit to the joint discrimina- 
tion-probability of a two-cue signal. This inter- 
action effect was fairly constant no matter what 
the discrimination-probability of the first cue. 

The interaction effect almost never reached 
the level expected on the hypothesis that what 
items are missed by one cue will be recovered 
with a certain probability by the second cue. 
It was concluded that the amount by which an 
obtained discrimination-probability fell short 
of the prediction, was a measure of the inter- 


gard the task as one of problem-solving involving 
decision-making on a statistical basis. 
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action or interactions between the two cues in- 
volved. The relative size of the interaction 
seemed highest when the two cues were weak 
(i.e., had individually low discrimination-prob- 
abilities). 

It was speculated that the nature of this 
interaction was twofold, and was to be looked for 
in a correlation between sensitivity fluctuations 
for pitch and loudness, and especially in the 
anatomico-electro-neural events within the 
cochlea which move basalward with increased 
intensity and also with higher frequency. 
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THE EFFECTS OF RESPONSE CONTINGENT 
PROBABILITIES WHICH FAVOR RESPONSE 
CHANGE? 

MAYNARD W. SHELLY, II? 


University of Wisconsin 


There has been an increasing num- 
ber of studies concerned with re- 
sponses made to the relative frequen- 
cies of events. A general hypothesis 
to come out of these studies, when Ss 
can make one of two responses, is that 
they tend to asymptotically match 
the relative frequency of reinforce- 
ment with a relative frequency of 
responding (3,6). Several exceptions 
to this hypothesis have already ap- 
peared in the literature. Among these 
are studies which have employed more 
than two response alternatives (1, 5). 

The present study extends the in- 
vestigations of responses to relative 
frequencies. It explores the response 
to relative frequencies in situations 
where these relative frequencies de- 
pend upon the preceding response. 
Such relative conditional frequencies 
may be interpreted as response con- 
tingent probabilities. 

The primary purpose of this study is 
to investigate certain conditions which 
favor response change on successive 
trials. The possible importance of 
this variable in defining restrictions 


1 This article is based on data contained in a 
dissertation submitted to the faculty of the De- 
partment of Psychology of the University of 
Wisconsin in partial fulfillment of the require- 
ments for the Ph.D degree, June, 1956. The 
author wishes to express his appreciation to the 
Social Science Research Council for a fellowship 
to carry out this research as part of a research 
program, and to J. C. Gilchrist for his stimulat- 
ing ideas concerning the importance of response 
conditional probabilities and for his constant 
encouragement, suggestions, advice, and pa- 
tience, 

2Now at the Laboratory of Aviation Psy- 
chology, Ohio State University. 


upon the probability matching hy- 
pothesis results from the type of dis- 
agreement usually found. Most dis- 
agreements with this hypothesis are in 
the direction of a decreased probability 
of changing responses on successive 
trials. With the exception of the con- 
trol condition, all probabilities used in 
this experiment led to a reinforcement 
only when S's response differed from 
his preceding response. 

A second purpose is to investigate 
the extent to which conditional rela- 
tive frequencies are matched by re- 
sponse probabilities. The situation 
used presents S with four possible 
alternative responses. 

This experiment has, additionally, 
another interpretation. Situations in 
which the relative frequencies of 
events are dependent upon preceding 
responses might be considered to bean 
elementary prototype of social situa- 
tions. One of the most characteristic 
features of social behavior is that the 
consequences of a person's behavior 
depend partly upon preceding events 
which often consist largely of his own 
responses. Since in this experiment 
an apparatus has been constructed 
which changes the probabilities of an 
individual's success as a function of 
his preceding response, the situation 
investigated may be considered to be 
an elementary social situation. 


METHOD 


Task —The Ss in this experiment were told 
that they were playing a game against a machine 
and that on each trial either they or the machine 
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would win. The object of the game was for 
them to win as often as possible. 

Apparatus.—The apparatus was part of a 
more general apparatus designed for studying 
various forms of stimulus-response association 
learning and probability learning. The S sat in 
a booth which was painted flat black. The 
booth contained an aluminum chassis box (8 X 
17 in.) which was mounted on a sloping table. 
This box contained 16 four-pole snap switches, 
above each of which was mounted a 6-v. green- 
domed lamp. For the present study, only the 
four switches at the lower right of the box were 
used. The remainder of the switches and their 
associated lamps were covered in a way that 
permitted free access to those switches not 
covered. Another aluminum chassis box was 
mounted on the wall in front of S. This con- 
tained an adding and subtracting counter, a 
small 110-v. lamp illuminating the counter, a 
yellow-domed 6-v. lamp beneath the counter, and 
switches for resetting the counter. The yellow 
lamp was turned on at the beginning of each 
trial to signal S that a new trial had begun; 
when it went off, he was to make a choice of one 
of the four switches before him. 

The equipment outside of the booth consisted 
largely of a timing motor, Western Union tape 
transmitters, a number of relay memory circuits, 
and lamps on a panel which permitted Æ to record 
S's responses and the results of these responses 
(in terms of wins and losses), "There were also 
a number of rotary switches which permitted E 
to change the correspondence between channels 
of the Western Union tape transmitters and S's 
response alternatives without typing new tapes. 

Conditions,—There were four experimental 
conditions. These can best be described by 
matrices of conditional probabilities, "These 
matrices give the probabilities of a given response 
being correct on Trial » when it is assumed that 
a particular response occurred on Trial n-l. In 
the following matrix let pi; be the probability 
that making Response i will lead to a win (add a 
point to the counter) if Response j had been 
made on the preceding trial, Trial n-1. Specifi- 
cally in the matrix below, ps: would be the prob- 
ability that Response 3 will be reinforced if 
Response 1 had just been made on the preceding 
trial. 


Response Chosen on 
SET on Trialn — 1 
Trial n 1 2 3 4 
iL pu pis pis pu | 
2 pn — ps ps pa 
3 pu — ps ps ps | 
E! par paz pas pas 


In the preceding matrix, response alternatives 
designated by the numbers 1 to 4 may be inter- 
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TABLE 1 


Matrices GIVING THE PROBABILITY OF A 
Response LEADING TO a Win As DEPENDENT 
Urox THE PRECEDING RESPONSE 


Responses! Response Chosen on Trial » — 1 
Available 
on Trial n| 
1 2.3 4 1.2 3 4 
Condition A Condition B 
1 .00 .33 83 .33 
2 33 .00 .33 .33 
3 33 .33 .00 .33 
4 «33 .33 .33 .00 
Condition D 
1 .00 1.0 .00 .00 
2 .00 .00 1.0 .00 
3 .00 .00 .00 1.0 
4 1.0 .00 .00 .00 


preted as a particular switch for a particular S. 
Since, however, this correspondence between the 
responses numbered 1 to 4 and the switches were 
permuted for different Ss, no physical interpreta- 
tion of the numbered responses as the one on the 
extreme right, etc., is possible. Instead, the 
number designations only represent some fixed 
alternative for a given S. 

The four conditions in this experiment are 
given by the matrices in Table 1. Here the Pus 
are replaced by specific probabilities. 

Condition A was a control condition in which 
nothing S did could alter his average probability 
of winning. "Thus, regardless of how frequently 
S repeated the same response or changed his re- 
sponse on successive trials, he maintained the 
same expected probability of success. In 
Cond. B, S could only increase his probability 
of success by never repeating the same response. 
In Cond. C, for any given choice on Trial n-l, 
only two of the remaining three alternatives had 
a positive probability of leading to a win, The 
probability of each of these responses leading to 
a win was .5. In order to maximize their prob- 
ability of winning, Ss had to (a) learn to avoid 
repeating the same response, and (b) learn to 
avoid one other of the remaining alternatives, 
where the incorrect alternative depended upon 
the preceding response. In Cond. D, for each 
alternative on Trial 1-1 there was one, and only 
one, alternative which had a probability greater 
than zero of leading to a win on Trial n. The 
probability of this alternative was 1.0. 

Procedure.—The 40 Ss in this experiment were 
all from elementary psychology classes at the 
University of Wisconsin. Ten Ss served in each 
condition. The same instructions were given 
to all Ss in all conditions. When S reported to 
the laboratory, he was immediately seated in the 
booth. All settings of the apparatus determin- 
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ing the condition under which S was to serve had 
been made prior to his arrival. When S was 
seated, instructions which described the “game” 
were given. Both S and the machine, S was 
told, had a choice of one of four alternatives 
on each trial. Then, depending upon the com- 
bination of choices made by both S and the 
machine, either S or the machine won. If S 
won, a counter added a point; if S lost, this 
counter would subtract a point. All Ss were 
given 1000 points at the beginning of the experi- 
ment. Each S was further instructed that the 
machine in many ways was built to act like a 
person. Consequently, S was informed, the 
machine would do different things depending 
upon what S had previously done. That is, Ss 
were told that the machine had a memory and 
would use this memory to change its behavior. 
In addition to these instructions, Ss were told to 
choose only one switch on each trial, and to pull 
this switch all the way back to insure good con- 
tact. 

After a brief demonstration each S was given 
402 trials; each response was considered as one 
trial. The first trial was not counted, and the 
last trial was added to round out to an even 400 
the number of first-order conditional probabili- 
ties. Each trial was of 4-sec. duration. At the 
end of each trial the counter either added or sub- 
tracted a point. 


RESULTS 


The results are presented principally 
as mean probabilities in Fig. 1 and 2. 
These means are computed for suc- 
cessive 100-trial blocks. These means 
for each block of trials are partially 
ordered by the Revised Duncan 
Range Test (2) and the Paired Repli- 
cates Test (7). The first was used 
when there were three or more 
independent means to be compared, 
the last when there were two depend- 
ent means to be compared. When 
results are spoken of as significant, the 
05 level will always be employed. 
For Fig. 1 and 2, the points contained 
within an enclosed line differ signifi- 
cantly from all those points outside of 
the enclosure, but do not differ 
significantly among themselves. 

Probability of response change.— 
One of the results of primary interest 
in this study concerns the effects of the 
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Probability of Change in Response 


4 


l 2 3 
Blocks of IOO Trials 


Fic. 1. Probability of a change of 
response on successive trials. 


different conditions upon the prob- 
ability of a change in response on 
successive trials. The partial order- 
ings of such probabilities, by blocks of 
100 trials, are given in Fig. 1, It is 
seen that Ss under all conditions 
tended to avoid repetition. For both 
Cond. C and D the number of repeti- 
tions differ significantly from chance 
for all four blocks of trials. Repeti- 
tions under Cond. B differ significantly 
from a chance level on Blocks 2, 3, and 
4. For Cond. A (the control condi- 
tion), repetitions are significantly 
fewer than would be expected by 
chance on the second and last block 
of trials. | 
The probability of repetition lead- 
ing to a win for both Cond. D and B 
is zero. By the fourth block of trials, 
however, the probability of a change 
for Cond. D is significantly greater 
than that for Cond. B. The prob- 
ability of change for each of these 
conditions is given in Table 2. 
Following each response, one of two 
events occurred: either S won, or he 
lost. It is possible that these events 
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TABLE 2 
PROBABILITIES or CHANGE or RESPONSE AND PROBABILITIES OF RESPONDING 
TO THE CONDITIONALLY REINFORCED ÅLTERNATIVES FOR THE 
Finat Brock or 100 TriaLs 
Probability of Chang Probability of Responding to Conditionally 
s of Repons T Reinforced Alternatives 
Condition 
Value for Difference from Value for Difference from | Average Value 
Last Block Preceding Block Last Block Preceding Block | for Last Block 
A .801 +.0178 1.0005 +-.000 +250 
B -906 +.005 -906 +.005 -302 
C .953 +.001 .678 —.010 339 
D 999 +.004 995 +.009 +995 
a A "+" represents an increase over the preceding block of trials, 
5 As S must respond to one of the four alternatives, and each one has an equal probability of leading to a win, 
these values are a priori values rather than empirical ones, 


affected the probability of a change of 
response on the next trial. In Fig. 2 
are presented graphs of the probability 
of a change in response after a win and 
after a loss for each condition sepa- 
rately. The curves'labeled W are the 
curves representing the probability of 
a change in response after a win, and 
the curves labeled L are those giving 
the probability of a change in response 
after a loss. It is seen that for Cond. 
A and C there are no differences for 
any of the blocks of trials. Initially 
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Fic. 2. Probability of a change of response 
on successive trials following a win and following 
a loss. 


there are no differences for Cond. B. 
Then for the last 200 trials the curves 
diverge; there is a significantly greater 
probability of a change in response 
after winning as compared with a 
change after losing. For Cond. D, 
the curves are initially different in the 
same direction as in Cond. A, but 
later converge. Furthermore, when 
the probability of a change after a 
loss for Cond. B is compared with the 
probability of a change after a loss for 
Cond. A, they do not differ signifi- 
cantly for any of the four blocks of 
trials. This result was not true for 
changes in responses after wins. 
Probability of response to condi- 
tionally reinforced alternatives.—By a 
conditionally reinforced alternative is 
meant a switch which has a fixed 
positive probability of leading to a 
win. This probability is contingent 
upon the immediately preceding re- 
sponse. Thus, a conditionally rein- 
forced alternative is defined with 
reference to a fixed probability. For 
example, in Cond. C, after Response 3, 
Response 1 is a conditionally rein- 
forced alternative with a probability 
of .5. The probability associated 
with any given switch will, however, 
vary with differences in the preceding 
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response. Hence, a conditionally 
reinforced alternative cannot be iden- 
tified with a physical location. 

The results concerning the prob- 
ability of a change have already 
indicated that Ss did not always re- 
spond proportionately to the prob- 
ability of winning. Table 2 gives the 
average probability of responding to a 
conditionally reinforced alternative 
during the last block of trials. The 
location of the conditionally reinforced 
alternatives, even for the same preced- 
ing response, was varied from S to S 
to control any position bias which 
might exist. It is thus not meaning- 
ful to give probabilities for each of the 
alternatives separately. Only an 
average for all alternatives with the 
same probability can be given. Ex- 
amination of individual records re- 
vealed no strong preferences between 
conditionally reinforced alternatives. 
That Ss were very close to asymptote 
by the fourth block of trials (under 
the assumption of a monotone singly 
inflected acquisition curve) is in- 
dicated by the small difference be- 
tween Blocks 3 and 4 in Table 2. 

It is seen from Table 2 that the 
probabilities of reinforcement are 
rather closely matched by the average 
relative frequencies of response to an 
alternative in every condition except 
Cond. C. Here it is seen that the 
probability of responding to a condi- 
tionally reinforced alternative is con- 
siderably lower than the probability 
with which that alternative will lead 
to wins. This discrepancy seems to 
be largely due to S’s inability to 
discriminate between the three non- 
repeating alternatives (the three 
alternatives which do not involve re- 
peating a response). The probability 
of responding to the alternative (other 
than the repeating alternative) which 
never led to a win was .321, .302, .263, 
and .277 for Blocks 1 through4, respec- 
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tively. Thus, at the end of 400 trials 
Ss were still responding with a greater 
than chance frequency to a conditional 
alternative which was never rein- 
forced. The final probabilities of 
responding to a conditionally rein- 
forced alternative are, however, or- 
dered by the probability of conditional 
reinforcement. 

Probability of winning—The prob- 
ability of S’s winning can be essen- 
tially computed from his probability 
of responding to the conditionally 
reinforced alternatives. The highest 
probability of winning selected from 
all. blocks of trials were for Cond. A 
through D, respectively, .250, .301, 
.333, and .999. Thus, only in Cond. 
D was S able to win a good deal more 
than he could win by playing ran- 
domly. 


Discussion 


The two results of most interest in this 
study concern (a) the effects of the condi- 
tional probabilities of reinforcement upon 
the probability of a change in response, 
and (4) the differences between response 
probabilities and the probabilities of 
conditional reinforcement. : 

Probability of a change in response.— 
The results clearly show that not rein- 
forcing the repetition of a response leads 
to a decrease in repetition. The prob- 
ability of a' change in response on suc- 
cessive trials for Cond. B, C, and D was 
found to be generally greater than that 
for Cond. A. This decrease in repeti- 
tion, however, was not only dependent 
upon the zero probability of reinforce- 
ment for repetition. The Ss in Cond. D 
showed the most rapid decrease in 
repetition. In this condition, where a 
probability of 1.0 was associated with a 
single alternative, Ss by responding to 
this alternative could win much more 
often by changing their response than by 
any pattern of responding in Cond. B 
and C. Thus, although repetition was 
not reinforced in two of the other three 
conditions, no pattern of changing re- 
sponses would lead to as high a prob- 
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ability of winning in these conditions. 
Thus, the distribution of probabilities on 
other than the repeating alternatives, as 
well as the sum of probabilities on these 
alternatives, must be taken into con- 
sideration. 

It was further found that the prob- 
ability of a change in response was never 
greater after a loss than after a win, and 
sometimes greater after a win. In order 
to have been reinforced, however, $ must 
have changed his response. Thus, the 
probability of a change of response fol- 
lowing a change of response was greater 
than following a repetition. This, to- 
gether with the quickly attained high 
probability of a change for Cond. D, 
indicates that a high probability of a 
change of response must be rather con- 
stantly reinforced in order to be main- 
tained. Further evidence in this 
direction is given by the lack of conver- 
gence of a change after wins and a change 
after loss curves for Cond. B in Fig. 2. 
It thus appears that learning not to 
repeat is highly dependent upon making 
specific other responses which are rein- 
forced. That is, of course, congruent 
with the competition of response theories 
of extinction. 

It should be noted that the precise 
effect of dividing the probabilities of rein- 
forcement between two or three responses 
has not been stated. This is because S’s 
sequential behavior has not been ana- 
lyzed beyond first-order conditional prob- 
abilities. This current experiment could 
be viewed as a generalization of rote 
serial learning conditions. In Cond. D 
it was possible for S to learn a simple 
invariant repeating series, In Cond. C 
and B, S could learn any of several 
permissible response chains, some of 
which would have more than the four 
links of the response chain in Cond. D. 
A more extensive analysis of response 
sequences would be required to differ- 
entiate between the effects of. increasing 
the number of permissible sequences, and 
the effects of decreasing the probability 
of a change in response leading to a 
win. 

A decreased probability of changing 
alternatives on successive trials thus 
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could be one of the reasons for the dis- 
agreement between probability learning 
experiments involving two, and more 
than two, responses. Assume that the 
maximum probability associated with an 
alternative remains fixed. Then, as the 
number of permissible alternative re- 
sponses increases, the probability of a 
change in response being reinforced de- 
creases. As this experiment has shown, 
it is not only the sum of the probabilities 
on opposing alternatives that is im- 
portant, but also the distribution of 
these probabilities on the opposing 
alternatives. It is the latter which 
affects more directly the probability of a 
change in response leading to a rein- 
forcement. 

Response to conditional relative Sre- 
quencies.—In Cond. D, almost every $ 
was responding perfectly by the end of 
the experiment. With conditional rela- 
tive frequencies of less than one, however, 
Ss matched the conditional relative fre- 
quencies less well. The preceding dis- 
cussion has already indicated that even 
though $s were probably quite close to 
asymptote, they were still choosing alter- 
natives with zero probabilities of rein- 
forcement. Further, for the fourth block 
of 100 trials in Cond. C, Ss were respond- 
ing toan alternative with zero probability 
(which was not the repeating alternative) 
with a relative frequency of .277. Such 
a failure to discriminate conditional 
alternatives having a zero probability of 
reinforcement means that Ss could not 
match those alternatives with a prob- 
ability greater than zero. Thus, on 
alternatives having a greater-than-zero 
probability of reinforcement, Ss con- 
sistently responded with a probability 
smaller than the probability of rein- 
forcement. 

The Ss did, however, in Cond. B and 
C tend to divide their responses equally 
between the conditionally reinforced al- 
ternatives. In Cond. B, then, the rela- 
tive frequencies of responding to condi- 
tionally reinforced alternatives matched 
fairly closely the probability of reinforce- 
ment. In Cond. C, Ss matched the 
probability of reinforcement less well. 
This was largely due to the previously 
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discussed failure to differentiate between 
the nonrepeating alternatives. 

This experiment does not represent a 
very comprehensive test of the general 
hypothesis that Ss will tend to match 
relative frequencies of reinforcement 
with relative frequencies of response. 
It does, however, show that in certain 
limiting cases, an extension of this hy- 
pothesis is not verified. 

The situation as a social situation.— 
Because of the dependency of events 
following a response upon the prior 
response, this experimental situation may 
be regarded as an elementary social 
situation. In this regard, this study 
contains two implications for the study 
of social behavior. First, even very 
simple contingencies, such as those in 
Cond. C, are learned slowly and in» 
adequately. If this is an unbiased 
estimate of learning ability in partially 
reinforced contingent situations, it is 
clear that most responses in social 
situations must be made on the basis of 
concepts and stereotypes. This reliance 
upon concepts for changes in behavior 
which lead to quick adjustments to un- 
certainties in everyday situations has 
been developed in a recent paper by 
Fitts (4). 

Secondly, when in a social situation a 
response has a very low probability of 
being repeated, a possible reason for this 
could be that a change in response has a 
high probability of being reinforced. 
Certain forms of “unstable” behavior 
could possibly be produced in this way. 


SUMMARY 


An experiment was conducted in which condi- 
tional probabilities of responses leading to rein- 
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forcement were ‘associated with preceding re- 
sponses. These contingent probabilities were 
such as to never, except in a control condition, 
lead to a reinforcement for the repetition of a 
response. The results showed that Ss in all 
cases, including the control condition, tended to 
change alternatives on successive trials more fre- 
quently than would occur by chance. Prob- 
abilities of changing responses on successive trials 
increased most rapidly when the probability of 
being reinforced on a single other alternative was 
greatest. Largely through continued response 
to alternatives which had an associated zero 
probability of leading to reinforcement, certain 
exceptions to the probability-matching hypothe- 
sis were found to hold. 
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STIMULUS SPACING AND THE JUDGMENT 
OF LOUDNESS! ' 


Under some circumstances the spac- 
ing of auditory stimuli on the intensity 
scale may have a strong effect on 
judgments of loudness. Under other 
circumstances, however, the judgment 
of loudness seems to be independent 
of the "context" provided by stimulus 
spacing. 

Effects attributable to the spacing 
of the stimulus ensemble may be 
especially marked when the method of 
constant stimuli is used to determine 
the value of a stimulus judged to be 
half as loud as a given standard (1, 6). 
The value judged half depends in a 


sensitive manner on how the “variable” 
stimuli are distributed relative to the 
standard. 

A similar dependence on spacing is 
observed when listeners try to judge 
apparent loudness on a category 
rating scale (i.e., on a scale of equal- 
appearing intervals). In this case the 
, curvature of the category scale is 
. Systematically related to the relative 
spacing of the stimuli (5). 

On the other hand, there is evidence 
that under the method of magnitude 
estimation the judgment of loudness 
may be relatively independent of 
stimulus spacing (4). This procedure 
calls for a direct estimation of the 
apparent loudness of each of a series 
of stimuli. The O tries to assign 
numbers proportional to the apparent 
loudnesses, and he is free to use any 
numbers he thinks appropriate. 


This research was carried out under Con- 
tract Nonr-1866(15) between Harvard Univer- 
sity and the Office of Naval Research, U. S. Navy 
(Project Nr1422201, Report PNR-208) Re- 
production for any purpose of the U. S. Govern- 
ment is permitted. : 
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Since it is an important question 
whether the form of the loudness scale 
determined by magnitude estimation 
is independent of stimulus spacing, 
two experiments were undertaken. 
The first experiment compared the 
magnitude estimations of stimuli 
spaced uniformly in decibels with 
those of stimuli spaced uniformly in 
loudness (sones). The same spacings 
were also used to generate category 
scales to which the scale based on 
magnitude estimation could be com- 
pared. The second experiment in- 
vestigated the extent to which local 
perturbations in the loudness function 
can be brought about by an extreme 
bunching of the stimuli in narrow 
regions of the total stimulus range. 


Experiment I 


Method.—The stimuli for Exp. I and II were 
produced by a white noise generator and deliv- 
ered through PDR-8 earphones mounted in 
MX-41/AR cushions, A low-pass filter with a 
cut-off at 6000 cps limited the bandwidth of the 
noise. In Exp. I the O pressed in sequence two 
keys, one to present a standard loudness before 
each variable, the other to present the variables 
he was to judge. 

The £ assigned a number to the loudness of 
the standard noise and instructed O to estimate 
the loudness of variable noises relative to the 
standard noise, He was told to make his num- 
bers proportional to apparent loudness, e.g., if 
the standard was “100” and the variable sounded 
one-fourth as loud, he was to call it “25.” 

In the first part of the experiment 10 Os 
estimated the loudness of nine variable stimuli, 
which were spaced at intervals of 5 db and pre- 
sented in a different, irregular order to each O. 
Half the Os began by estimating each variable 
twice against a standard at 90 db re .0002 dyne/ 
cm, called “100.” After a short rest they re- 
ceived a new standard, 45 db, called “1,” against 
which they again estimated each variable twice. 
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The other Os began with the 45-db standard, 
called “1,” but otherwise followed the same pro- 
cedure. 

A couple of months later the same 10 Os were 
recruited for another session. Their task was 
the same, but the stimuli were spaced in a differ- 
ent way: the values were set to correspond 
roughly to uniform intervals of apparent loud- 
ness, as inferred from the results of the first part 
of the experiment, In all other respects the two 
parts of the experiment were the same. 

In still another part of the experiment, 10 Os 
judged the loudness of the white noises on a 
7-point category scale. Five Os first judged the 
noises spaced at equal decibel intervals and then 
a day or two later judged the noises spaced at 
approximately equal loudness intervals. The 
other five Os followed the reverse procedure, 
The instructions were to assign each noise to one 
of seven equally spaced categories designated by 
the numbers “1” through “7.” The loudest and 
softest noises in the series were identified as such 
before the session began. 


Results —The geometric means of 
the loudness estimates of each stim- 
ulus appear in the log-log coordinates 
of Fig. 1. The data for the two types 
of stimulus spacing are plotted to- 
gether for easy comparisons. The 
two straight lines have the slope of the 
loudness function for a 1000-cycle 
tone (.3) and appear to fit the 
estimates for noise quite well. The 
reason for using the geometric mean 
as a measure of location is that an 
examination of data reported earlier 
(2) shows that the medians and geo- 
metric means of the loudness estimates 
of 70 Os did not differ significantly, 
and that to a first approximation the 
Os’ estimates of a given stimulus were 
normalized by logarithmic trans- 
formation, 

If the spacing of the stimuli has a 
systematic effect on estimates of loud- 
ness, it is not obvious from this 
investigation, At least it does not 
appear that spacing in uniform loud- 
ness intervals and spacing in equal 
decibel steps produce any notable 
differences. 3 

Quite different, however, is the 
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Fic. 1. Loudness estimation under two 
kinds of stimulus spacing. The open circles 
stand for the geometric means of estimates of 
stimuli that were spaced at 5-db intervals. The 
crossed circles stand for the geometric means of 
the estimates of stimuli spaced at roughly equal 
loudness intervals. Each point represents 20 
estimates (10 Os). A standard at 45 db, called 
“1,” was used to obtain the data for the lower 
curve; a standard at 90 db, called “100,” was 
used to obtain the data for the upper curve. 
The straight lines drawn through the standards 
have the slope (.3) of the sone scale. 


effect of these spacings on the category 
rating scales obtained with the two 
sets of stimuli. Figure 2 shows the 
mean category assignments plotted 
against apparent loudness. (The ab- 
scissa scale is proportional to loudness 
in sones.) The results agree with 
earlier studies in that the category 
judgments are not linear, but are con- 
cave downward when plotted against 
apparent loudness.’ Moreover, the 
form of the function depends, as an- 
ticipated, on the spacing of the stimuli. 
Spacing by nearly equal loudness 
intervals produced less departure from 


? For a discussion of the reasons for this non- 
linearity see Stevens and Galanter (5). 
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CATEGORY SCALE 
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Fic. 2. Two 7-point category scales of ap- 
parent loudness of white noise. The abscissa is 
the loudness function obtained by magnitude 
estimation. (The value of 100 sones was arbi- 
trarily assigned to the loudness of 90 db SPL.) 
The circles stand for the mean category number 
assigned to stimuli spaced at equal decibel inter- 
vals. The squares stand for the mean category 
number assigned to stimuli spaced at nearly 
equal loudness intervals. 


linearity than spacing by equal decibel 
intervals. 

The over-all results of Exp. I 
demonstrate that, as regards the 
effect of stimulus spacing, magnitude 
estimation is a more stable process 
than category rating. The question 
is, How stable is it? How extreme 
would the bunching and spreading of 
the stimuli need to be in order to 
produce an effect? In Exp. II a 
deliberate attempt was made to dis- 
tort the loudness function by an 
extreme kind of spacing. 


Exprerment II 


Method.—The stimuli, again white noises, 
were spaced in four ways: (a) at equal decibel 
intervals, (b) bunched together toward the high 
end of the range, (c) bunched toward the low 
end, and (d) bunched at the middle. That the 
bunchings were extreme is apparent from the 
following lists of sound pressure levels of the 
stimuli; 


Spacing a: 40, 50, 60, 70, 80, 90, 100 db 
Spacing 5: 40, 66, 80, 90, 92, 94, 98, 100 db 
Spacing c: 40, 42, 44, 46, 50, 60, 70, 80, 100 db 
Spacing d: 40, 50, 62, 64, 66, 68, 70, 80, 90, 100 db 


All four parts of the experiment employed the 
same range (40 to 100 db re .0002 dyne/cm.2), 
the same standard (80 db, called **10"), and the 
same instructions. Fourteen Os participated in 
each part. 

"The O was instructed to press a key that de- 
livered the stimuli and to assign numbers pro- 
portional to the apparent loudness. He was told 
that the loudness of the first stimulus presented 
(80 db) should be called “10.” 

Although this standard came on as a standard 
only at the beginning of a series, E presented the 
same intensity again along with the other vari- 
ables. After the first series, the standard (iden- 
tified as such) came on again, followed by the 
same set of variables in a different order. The 
order of the stimuli was also varied from one O 
to another, and was always irregular. 
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Fic. 3. Loudness estimation under four 
kinds of stimulus spacing. The circles stand 
for the geometric means of the estimates of 
stimuli spaced at 10-db intervals. The straight 
line, whose slope is .308, was fitted to these 
points by the method of least squares. The 
other points represent the geometric means of 
the estimates of stimuli that were bunched at 
various regions of the total range. Each point 
represents the geometric means of 28 estimates 
(14 Os). The same standard (80 db, called 
“10”) was used for each condition of stimulus 
spacing, and it was presented only at the begin- 
ning of a series of estimates. 
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Results —Figure 3 records the re- 
sults. The solid straight line was 
fitted by the method of least squares 
to the geometric means of the esti- 
mates of only those stimuli that were 
spaced at equal decibel intervals. 
The slope of the line came out close 
to .3; that is to say, 2:1 ratios of 
loudness correspond approximately to 
10:1 ratios of intensity. As noted 
before, this slope coincides with that 
of the loudness function for a 1000- 
cycle tone. The function confirms 
the result of earlier experiments (cf. 
2, 3) which indicated that above about 
40 db the apparent loudness of white 
noise approximates a power function 
of stimulus intensity, and that the 
slope of the function roughly equals 
that for a 1000-cycle tone. 

The geometric means of all the 
other estimates also appear in Fig. 3. 
Despite the bunching of the stimuli 
into narrow regions of the total range, 
the points deviate but little from the 
solid line. Admittedly the extreme 
spacing had an influence on the 
estimates of loudness, but the influ- 
ence is surprisingly minor. As shown 
by the dotted lines the deviations that 
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occurred are largely confined to the 
region of bunching. 


It may be seen in Fig. 2 that bunching 
may increase the Jocal slope of the 
function, while leaving the over-all slope 
relatively unaffected. The Os tended, 
in other words, to exaggerate the differ- 
ences among closely spaced stimuli. On 
those occasions when a stimulus differed 
only slightly—say, 2 db—from the pre- 
ceding one, O's estimate might well 
represent two intentions on his part: he 
tries (2) to estimate the apparent loud- 
ness of the stimulus, but also (4) to 
communicate the fact that he heard a 
difference between stimuli of nearly equal 
loudness. In other words, a tendency to 
concentrate on loudness differences might 
explain the deviations brought about by 
bunching. Whatever the true explana- 
tion for the local changes may be—and 
perhaps any explanation ex post facto 
might seem gratuitous—the important 
thing to note is how little the function 
as a whole is changed by stimulus 
bunching. 

The bunching of the stimuli also had 
an effect on the variability of the 
estimates. SD’s of the logarithmically 
transformed estimates appear in Fig. 4 
as a function of proximity of the variable 
stimulus to the standard. Although the 
SD’s look roughly constant at about .2 


4 Equal db spacing 
e Bunched at high end 
© Bunched at middle 
D Bunched at low end 
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Fic. 4 The variability of estimates as a function of proximity of the variable stimulus to the 
standard. The ordinate is the standard deviation of the logarithmically transformed estimates ob- 


tained in Exp. II. The abscissa is the SPL of the stimulus. 
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log unit, the variability is somewhat 
larger at points far removed from the 
standard and at regions of stimulus 
bunching. 

In contrast to category scales, whose 
form is sensitive to the spacing of the 
stimuli, ratio scales established by mag- 
nitude estimation seem to be quite stable. 
It would appear that even very unusual 
spacing produces only  second-order 
changes in the magnitude estimates. 
This finding may be regarded as a signifi- 
cant recommendation for the use of ratio 
scaling procedures, as opposed to cate- 
gory scaling procedures, especially in 
view of the fact that category judgments 
are generaly inconsistent with ratio 
scales of apparent magnitude. The 
relative insensitivity of magnitude esti- 
mates to stimulus spacing also stands in 
marked contrast to the finding that the 
method of constant stimulus yields 
judgments of one-half loudness that are 
radically contingent upon the context of 
stimuli available to the observer. 


SUMMARY 


The scaling of loudness by the method of 
magnitude estimation under a number of differ- 
ent stimulus spacings confirms the finding that 
the loudness of white noise is essentially a power 
function of stimulus intensity above about 40 db 
SPL. The over-all form and slope of the func- 


tion turn out to be relatively insensitive to the 
spacing of the stimuli. Small local distortions 
can be brought about, however, by bunching the 
stimuli into narrow regions of the total range. 
In contrast to the stability of magnitude esti- 
mates, category judgments of loudness vary sub- 
stantially with the spacing of the stimuli. The 
results argue in favor of magnitude estimation 
over category rating in the scaling of apparent 
magnitude. 
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RESISTANCE TO EXTINCTION AS A FUNCTION 
OF CONTINUOUS OR INTERMITTENT 
PRESENTATION OF A 
TRAINING CUE! 


MELVIN H. MARX 
University of Missouri 


The present experiment was de- 
signed to test the prediction that 
resistance to extinction would be 
greater for intermittent than for con- 
tinuous presentation of a cue that had 
been continuously paired with rein- 
forcement during training. This 
“partial extinction" procedure was 
devised to test the more general theo- 
retical assumption that maintenance 
of motivation during extinction would 
be greater with the irregular than 
with the normal consistent schedule. 
The rationale underlying this assump- 
tion is that extinction itself is pri- 
marily a function of the loss of the 
specific motivating properties of the 
stimulus complex. 


METHOD 
Subjects 


The Ss were 27 naive male albino rats, ap- 
proximately 100 days old at the start of the 
experiment. There were 14 experimental and 
13 control Ss. The data obtained from one 
additional control S wereeliminated becauseofan 
error in feeding schedule maintenance on the 
day prior to extinction. 


Apparatus 


A simple straight runway was used. It had 
a 1-ft. starting box, a 7-ft. stem, and a 1}-ft. 
goal box. Alley width was 3 in. in the starting 
box and stem, 10§ in. in the goal box. Alley 
height was 5 in. throughout. The runway was 
covered with hardware cloth, The inside of the 
alley was Masonite in the starting box and stem; 


! This investigation was supported in part by 
a research grant, M-817, from the National 
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the goal box was also Masonite but could be 
covered with black insert boards, 

Starting time, running time, and time in the 
goal box were all measured automatically by 
means of 3-in. electronic contact switches set in 
the floor and connected to Standard Electric 
timers, Guillotine doors, operated manually, 
were placed at the end of the starting box (6j in. 
in front of the first floor switch), and at the begin- 
ning of the goal box (3 in. after the second floor 
switch). An intermediate door was placed 10} 
in. in front of the goal-box door, to prevent re- 
tracing in the stem. 

A glass sponge cup (33 in. in diameter, 1} in. 
high) was used as a food cup. It was placed at 
the end of the goal box, behind a black shield 
which prevented S from seeing whether or not 
the food cup was in place without stepping on 
the third floor switch (placed 4 in. from the end 
of the goal box). "This switch gave a measure 
of running time in the goal box. 


Experimental Design 


All Ss were given the same training, running 
to the food cup on every trial (100% reinforce- 
ment schedule). Experimental Ss were then ex- 
tinguished with the empty food cup present on 
only 50% of the trials; control Ss were extin- 
guished in the usual way, with the empty food 
cup present on every trial. 


Procedure 


Deprivation and accommodation.—All Ss were 
placed on a 24-hr. feeding program, being allowed 
1 hr. of feeding on Little Friskies pellets each day, 
for five days prior to accommodation. Two 
days of accommodation to the runway were then 
given, On Day 1, the two Ss that were caged 
together were placed first in a neutral (tempered 
Masonite) goal box and allowed to explore the 
empty goal box and runway for 10 min, After 
5 min. in individual detention cages, the two Ss 
were placed in the closed-off goal box and allowed 
to eat 10 Little Friskies pellets (total weight 
about.5 gm.). Each S was then placed in the 
runway individualy at points progressively 
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farther from the goal box and allowed to eat two 
pellets. Two trials were given at each point. 
All trials were separated by 20-sec. periods in the 
detention cage. When S ran from the starting 
box to the goal box within 90 sec. on two con- 
secutive trials, his accommodation was consid- 
ered complete. If on any trial this time limit 
was exceeded, S was placed in the goal box di- 
rectly and allowed to eat. The next trial was 
given from the point of the last successful trial. 
On Day 2 this procedure was repeated, except 
that only one trial was given from each of the six 
starting points. 

Training—The next six days were training 
days, during each of which all Ss were given six 
trials to two food pellets in the cup. The start- 
ing door was raised from 3 to 6 sec. after place- 
ment of Sin the box. The S was allowed 10 sec. 
to traverse the stem and 10 sec. in the black goal 
box to eat. If S failed to run to the goal box 
within 10 sec., he was placed at the food cup by 
E and allowed 10 sec. to eat. An intertrial 
interval of 20 sec. was used, with S kept in the 
detention cage. Following the sixth trial, S was 
kept for 5 min. in the detention cage and then 
given 1 hr, of feeding on Little Friskies pellets. 
This feeding procedure, which had also been used 
during the two accommodation days, resulted in 
an effective drive of approximately 22 hr. at the 
start of each training session. 

Extinction —The Ss were randomly divided 
into the experimental and control groups. Ex- 
perimental Ss ran to the empty food cup behind 
the black shield on 50% of the trials. The 
schedule was determined by a table of random 
numbers with the restriction that no run of more 
than three successive cup or no-cup trials was 
permitted. A different schedule was used for 
each S. Control Ss ran always to the empty 
food cup. 

Extinction trials were massed. All Ss ran a 
minimum of 36 trials, with the same 20-sec. 
interval in the detention cage as had been used 
in training. The extinction criterion was failure 
to complete a run within 180 sec. from opening 
of the starting door on two consecutive trials. 


REsutts 


Trials to extinction—The mean 
trials to extinction of the alley re- 
sponse (to two successive 180-sec. 
trials) were 110.43 and 83.00 for the 
experimental and control groups, re- 
spectively. Significantly greater re- 
sistance to runway extinction was 
shown (F = 9.42, P < .01), as was 
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MEAN LOG (RT+!) 


BLOCKS OF FOUR TRIALS 


Fic. 1. Mean log running time + 1.00 for the 
first 24 trials of extinction. 


predicted, by the experimental Ss. 
The mean trials to extinction of the 
goal-box response (to two successive 
10-sec. trials) were 45.29 and 34.00 for 
the experimental and control groups, 
respectively. This difference, al- 
though in the same direction as that 
for the alley response, was short of 
significance at the .05 level (F = 3.01, 
P <.10). The criterion for the ex- 
tinction of the goal-box response was 
met by all Ss before the criterion of 
runway extinction. 

Running times.—Mean running 
times for the first 24 trials of extinc- 
tion are shown in Fig. 1. Running 
times were transformed to log (R.T. 
+ 1.00). They are plotted in terms 
of 6 blocks of 4 trials, in order to show 
more clearly the trends present in the 
analysis, which was done on a trial-by- 
trial basis. This number of trials was 
used in order to avoid inclusion of any 
180-sec. extinction scores (the first 
such occurring on Trial 25 for one of 
the control Ss). 

'The more rapid extinction of the 
control Ss is again evident by this 
measure. The analysis of variance is 
shown in Table 1. Although the 
over-all group. difference missed sig- 
nificance at the .05 level, the perform- 
ance levels clearly diverged over 
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TABLE 1 


Summary or ÅNALYSIS OF VARIANCE FOR Loc 
Runninc Tre + 1.00 ror THE First 24 
Triats or Extinction 


TABLE 2 


Summary or ANALysis OF VARIANCE FOR 
1/Goau-Time For THE First 24 TriAts 
or EXTINCTION 


Source af MS F x Source df MS F P 

Between Ss 26 Between Ss 26 

Groups (G) 1 | .8886 |3.532| <.08 Gi (6) 144.5 i 

Error 25 | 2522 SPL pi E^ Md id 
Within Ss 621 Within Ss 621 

"Trials (T) 23 | .2900 | 5.50 | <.001 "Trials (T) 23| .8609|5.28| —.001 

TXG 23 | 0928 | 1.76 | <.025 TXG 23 | .1009) 0.62 

Error 575 | .0527 Error 575 | .1631 
Total 647 Total 647 


trials, as shown in Fig. 1 and indicated 
by the significant Group X Trial in- 
teraction. 

The groups had reached approxi- 
mately the same asymptote by the 
fifth training day (F < 1.00 between 
groups for the last 12 training trials). 

The running-time scores for the 
first 12 cup trials in the experimental 
group were compared with the first 12 
cup trials in the control group. No 
difference was found (each group 
superior on half of the trials, F< 1.00), 
in spite of the fact that 12 additional 
no-cup trials were interpolated for the 
experimental Ss. 

Goal times.—'The approach times 
within the goal box (running time for 
the 18-in. segment) are shown in 
Fig. 2. The consistently faster run- 
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Fic. 2. Mean reciprocal of goal time for the 
first 24 trials of extinction. 


ning of the experimental Ss was 
clearly significant, as is shown in 
Table 2. The groups had reached 
approximately the same asymptote 
by the fifth training day (F — 1.93 
between groups, 4.24 required at .05 
level). 

Starting times.—Although the start- 
ing times for the experimental Ss 
were shorter than those for the control 
Ss, an analysis of variance of these 
measures (1/S. T.) indicated that the 
difference fell short of significance 
when computed for the first 36 trials 
of extinction (F = 2.80, P > .05, for 
1, 25 df.). 

Cup vs. no-cup trials.—Since the 
trials-to-extinction and the running- 
time measures showed a reliable 
difference in favor of the experimental 
group, the next question concerned 
the locus of the superiority. In other 
words, was the faster and more 
persistent running found in extinction 
for the cup-no-cup Ss a function of 
faster running primarily following the 
exposure to a cup? Or was the effect 
a general one, with both cup and no- 
cup trials producing essentially the 
same running times? To answer this 
question some direct comparisons of 
cup and no-cup scores were made in 
the experimental group. 

Running times were computed for 
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the first 12 trials immediately follow- 
ing a cup and compared with the 
comparable scores immediately fol- 
lowing a no-cup condition. The scores 
of each S were compared in order to 
classify him as a cup-faster or a no- 
cup-faster S. Ten of the 14 experi- 
mental Ss ran faster following the cup 
condition. If the one-tailed test is 
used, because the direction of this 
difference was predicted in advance, 
the difference may be regarded as sig- 
nificant at the .057 point (x* = 2.571) 
by a linear interpolation. 


Discussion 


The obtained results clearly support 
the prediction of greater resistance to 
extinction for the “partial extinction” 
condition. This is true of both running 
times but not of the less sensitive start- 
ing-time measure. Theintermittent pres- 
entation procedure resulted in almost 
exactly thesame alley-running extinction 
for the first twelve cup presentations in 
both groups. 

These results cannot be easily ex- 
plained on the basis of a simple applica- 
tion of some major theories of extinction. 
The so-called “discrimination hypothesis” 
(1, 2, 5) is clearly contradicted. The 
control group, with the greatest similarity 
between training and test conditions (al- 
ways a cup present), showed the least 
resistance to extinction. The work- 
inhibition interpretation (4) has no clear 
basis for predicting the difference be- 
tween the groups, since there is no 
evidence of a difference in work or effort- 
fulness during the test. Finally, the 
group that would presumably receive the 
most secondary reinforcement from the 
cup within any given block of test trials 
(such as the 24 used to measure running 
time) would be the control group, since 
it had twice as many occurrences of the 
secondary-reinforcing cue. 

An alternative interpretation involving 
secondary reinforcement would consider 
the rate of the loss of power, or extinc- 
tion, of a secondary-reinforcing cue. 
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From this point of view, the intermittent- 
presentation schedule simply delays the 
extinction of such a cue, and the total 
number of presentations is the important 
factor. This position is similar to infer- 
ences that may be drawn from Estes' (3) 
statistical-association theory. Even 
from this point of view, however, it is of 
interest that the intermittent-presenta- 
tion schedule permits the interpolation, 
as mentioned above, of an equal number 
of no-cup trials without appreciable loss 
of strength of the running response. 

The interpretation that is most 
strongly favored by the results, in my 
opinion, is one that holds extinction to be, 
fundamentally, a function of the degree 
to which motivation to make the specific 
response is maintained. Loss of such 
motivation would then occur at a more 
rapid rate under the continuous as com- 
pared with the intermittent schedule. 
The difference between this interpreta- 
tion and the one mentioned directly 
above may be, at heart, one of semantics 
—partly revolving around whether the 
concept of secondary reinforcement or 
that of secondary motivation is used. 
Further, more specifically designed re- 
search will be needed to clarify this 
issue. 

The suggestion that more experimental 
Ss ran faster immediately following a cup 
trial as compared with a no-cup trial in 
extinction is of some interest. If this 
tendency can be replicated it would seem 
to support the general interpretation of 
the cup, in the cup-no-cup context, as the 
source of the secondary effect—reinforce- 
ment or motivation. 


SUMMARY 


‘Twenty-seven hungry albino rats were given 
36 training trials in a simple runway to food re- 
ward in a glass cup. They were then divided 
into experimental and control groups. Experi- 
mental Ss were extinguished with the empty food 
cup present in the goal box on half of the trials; 
control Ss were extinguished with the food cup 
continuously present, as during training. 
Greater resistance to extinction occurred in the 
experimental Ss, in terms of trials to extinction as 
well as running times. They also ran sig- 
nificantly faster within the goal-box segment. 


re 2 
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The results are discussed from several points of 
view. It is concluded that they support the 
original assumption that resistance to extinction 
is a function of the maintenance of motivation, 
which is facilitated by the intermittent schedule 
on which the food-cup cue is introduced during 
extinction. 
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THE EFFECT OF INTERTRIAL RESPONDING ON 
CONDITIONING AND EXTINCTION OF 
AVOIDANCE BEHAVIOR? 


J. V. MURPHY? AND R. E. MILLER 
School of Medicine, University of Pittsburgh 


In conditioning experiments which 
utilize an exteroceptive stimulus as 
the conditioned stimulus (CS) the 
conditioned response (CR) is typically 
defined as a response to the CS before 
the unconditioned stimulus (UCS) is 
presented. During the course of con- 
ditioning, responses are observed to 
occur not only in the presence of the 
CS but also in the intervals between 
trials. Since the primary interest is 
typically in CR’s, little attention has 
been directed toward these interval 
responses (IR’s). 

Coppock and Mowrer (2) investi- 
gated the effect upon avoidance con- 
ditioning of permitting interval re- 
sponses in one group while preventing 
them in another group. Their results 
indicated that allowing interval re- 
sponses significantly facilitated the 
acquisition of the avoidance response. 
Unfortunately, as the authors noted 
in a footnote, procedural details em- 
ployed to eliminate interval respond- 
ing in the restricted group may have 
interfered with conditioning itself 
thereby making their conclusions 
somewhat tentative. 

In view of the almost complete 
absence of experimental data in this 
area an experiment was designed to 
investigate systematically the effect 
of interval responding on the course of 
avoidance conditioning and extinction. 

1 This investigation was supported by a re- 
search grant (M-487C) from the National 
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More specifically, Exp. I was de- 
signed to: (a) determine the effect on 
conditioning and extinction of permit- 
ting vs. blocking interval responding; 
(b) determine the effect of blocking 
interval responses during extinction 
when interval responding was per- 
mitted during the conditioning phase; 
and (c) determine the number of 
"CR's" and “IR’s” which occur 
when Ss are subjected to a sham 
conditioning procedure. 

The results of Exp. I suggested the 
hypothesis that IR’s and the high 
positive correlation typically observed 
between CR’s and IR’s during ex- 
tinction were attributable to the am- 
biguity which arises from having each 
half of the apparatus identical in all 
respects. It was predicted that if the 
ambiguity were reduced, the rate of 
CR’s and IR’s during extinction 
would be significantly reduced and 
the occurrence of CR’s and IR’s 
would be uncorrelated. Experiment 
II was designed to investigate this 
hypothesis. 


METHOD 


Subjects —The Ss in Exp. I were 70 male rats 
obtained from the Carworth Farms; 38 similar 
Ss served in Exp. II. "These Ss were 60-70 days 
old at the start of the experiments. 

Apparatus—In Exp. I the apparatus con- 
sisted of a two-compartment conditioning box 
with a 2-in. barrier separating the two compart- 
ments. The grid floor of each compartment 
could be electrified independently. This ap- 
paratus has previously been described in detail 
(7,8). For the present study the apparatus was 
modified by the insertion of micarda door guides 
which extended vertically on both sides from the 
top of the barrier to 10 in. above the apparatus. 
A Plexiglas door fitted into these guides made it 
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possible to effectively separate the two compart- 
ments. A cord attached to the top of the Plexi- 
glas door passed over a rod located above the 
door guides and was arranged in such a way that 
a controlled movement of the cord raised the 
door to the top of the animal compartment. 
Noise effects were practically eliminated by this 
arrangement. Two interchangeable Plexiglas 
doors were constructed. One was a solid door 
and a rectangular opening was cut in the other 
door with only a }-in. strip on each side project- 
ing into the animal compartment when the door 
was in the down or closed position. The solid 
door was used when it was desired to block inter- 
val responses and the cut-out door when the ex- 
perimental condition allowed the occurrence of 
interval responses. 

In Exp. II the apparatus was identical, with 
the exception that no door or door guides were 
present. An insert was constructed of l-in. 
plywood which could be fitted into one com- 
partment. This insert was painted black, and 
when in place, one entire half of the apparatus 
was black. The remaining compartment was 
white on the top and all sides. 

Procedure.—ln Exp. I a door was raised by E 
on all trials with one hand while the buzzer CS 
was activated with the other. Thus there was 
no pause between opening the door and present- 
ing the buzzer CS. Similarly, the door was 
lowered when the buzzer was terminated. 
"Technically, the CS consisted of the opening of 
the door plus the onset of the buzzer; however, 
for descriptive purposes the buzzer will be re- 
ferred to as the CS. 

The conditioning trials for each daily test 
session were preceded by a l-min. adaptation 
period followed by the presentation of a buzzer 
CS. The shock UCS was automatically de- 
livered after 5 sec. if S failed to make a barrier- 
crossing response to the buzzer. The buzzer, or 
buzzer and shock, were terminated manually 
when S crossed the barrier. 

The diminished interval conditioning pro- 
cedure (8) was employed for all Ss. With this 
procedure Ss were given three test periods with 
an average intertrial interval of 60 sec., three test 
periods with an average intertrial interval of 50 
sec., three test periods with a 40-sec. average, 
three with a 30-sec. average, and three final con- 
ditioning test periods with an average intertrial 
interval of 20 sec. Extinction was completed 
with an average intertrial interval of 20 sec. for 
each test period. Ten trials a day were given 
for the 15-day conditioning phase and the 15-day 
extinction period. 

The Ss were randomly assigned to one of four 
groups with the following experimental condi- 
tions: in Group I, intertrial responses were 
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blocked throughout the course of conditioning 
and extinction; in Group II, intertrial responses 
were permitted throughout conditioning and 
extinction; in Group III, the intertrial responses 
were permitted throughout conditioning and 
blocked during the extinction phase; in Group 
IV, the procedure was identical to that of Group 
II with the exception that these Ss never at any 
time experienced the shock UCS. “Intertrial” 
responding was permitted for this group during 
the entire 30-day period. 

In Exp. II the conditioning and extinction 
procedures were identical to those described for 
Groups I, II and III of Exp. I, with the excep- 
tion that doors and door guides were not in- 
volved in any way. The 38 Ss were randomly 
assigned to one of the two groups. For Group 
V, one compartment was black and the other 
white; for Group VI, both halves of the appara- 
tus were white. 


REsuLTS 


The conditioning and extinction 
data for Exp. I have been summarized 
in Table 1. The three conditioning 
groups (Groups I, II, and III) per- 
formed similarly throughout condi- 
tioning. The learning curves for the 
three groups approached the asymp- 
tote on Day 8 of conditioning. In 
addition, the two groups in which 
interval responses were permitted 
during conditioning (Groups II and 
III) did not differ appreciably in the 


TABLE 1 


Tur Mean Numer or CR's anp IR's Durine 
CONDITIONING AND EXTINCTION 


Conditioning Extinction 
Group N 
CR's IR's CR's IR's 
Experiment I 
I 16 |101.19| blocked| 87.88| blocked 
II 17 |107.29| 21.06 | 98.47. 43.18 
III 18 |106.56| 23.89 | 82.78| blocked 
IV 18 2.53| 66.78 2.81| 66.28 
Experiment II 
V 15 | 95.87| 22.2 72.93| 33.47 
VI 17 | 103.94] 18.7 | 112.06] 64.71 


@—e GROUP I1(cRs) 
@--@GROUP II(IRS) 
o—o 


GROUP IV(IRs) 


TEST PEROD 


Fic. 1. The mean incidence of responses during 
extinction in Exp. I. 


number of interval responses which 
occurred (Table 1). 

A criterion found to be highly satis- 
factory in previous studies is to 
exclude Ss failing to respond at or 
above the 70% level for three con- 
secutive days during conditioning. 
In the three conditioning groups only 
one S from Group I failed to meet this 
criterion. 

The rate of interval responding for 
the conditioning groups (Groups II 
and III) was very similar throughout 
the conditioning phase. The mean 
incidence of IR's on the first day was 
3.7 with the approximate asymptote 
of 1.4 attained on the second day. In 
contrast, the sham conditioned Ss had 
a mean incidence of 9 IR's on the first 
day with the approximate asymptote 
of 4.2 approached on the third day of 
conditioning. Fisher's exact test (4) 
indicated that Ss subjected to the 
sham conditioning procedure per- 
formed significantly more interval 
responses (P — .01) than Groups II 
and III during the conditioning phase. 
In addition, the sham conditioned Ss 
(Group IV) performed significantly 
fewer “CR’s” than Groups I, II, and 
III in both conditioning (P — .01) 
and extinction (P = .01). No sig- 
nificant differences in the number of 
CR's in extinction were found be- 
tween Groups I, II, and III as tested 
by Fisher's exact test (4). 
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In the extinction phase, interval re- 
sponses were permitted only in Group 


II and in the sham conditioning group | 


(Group IV). Fisher's exact test in- 
dicated that the differences in interval 
responses for Groups II and IV were 
not significantly different during this 
period. The mean number of interval 
responses throughout extinction for 
Groups II and IV are depicted in 
Fig. 1 along with the mean numbers of 
CR's for Group II. 

The conditioning and extinction 
data for Exp. II also have been sum- 
marized in Table 1. The incidence of 
CR's and IR's for the two groups is 
Shown in Fig. 2. Although no signifi- 
cant differences in either CR’s or IR’s 
were found between Groups V and VI 
in the conditioning phase, these groups 
diverged markedly in extinction. A 
repeated measures analysis of vari- 
ance (3) indicated that Ss conditioned 
and extinguished with black and 
white compartments (Group V) per- 
formed significantly fewer CR’s 
(P = .01) and significantly fewer 
IR’s (P = .04) in extinction than Ss 
conditioned and extinguished with 
both compartments white (Group 
VI). 

One aim of Exp. II was to test the 
prediction that no significant correla- 
tion would occur between CR’s and 
IR’s when one compartment was 


9— GROUP VI(CRÀ 
$--9 GROUP. v (CRul 
9—O GROUP. VI(IRS) 
O-—O GROUP V (IRs) 


MEAN RESPONSES 


TEST PERIOD 


Fic. 2. The mean incidence of conditioned and 
interval responses in extinction for Exp. II. 
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white and the other black. The 
product-moment correlation between 
CR’s and IR’s in extinction for Ss 
learning under the all-white condition 
was .66 + .08; for the black-white 
situation r = .75 + .12. Although a 
significant relationship was found in 
both groups, an inspection of the data 
indicated the presence of a biasing 
factor. Low responders in terms of 
CR’s are almost invariably low re- 
sponders in terms of IR’s. That is, 
the correlation typically approaches 
unity in the case of Ss making very 
few or zero CR’s in extinction. Due 
to this restriction of IR’s on the lower 
end of the scale a differential bias 
occurs in the two groups because of 
the significantly lower number of CR’s 
in extinction for Ss under the black- 
white condition. To eliminate this 
source of bias the correlation between 
CR’s and IR’s in extinction was com- 
puted only for the top half of each 
group in terms of CR’s. For the 
black-white compartment Ss (Group 
V) the r between CR’s and IR’s 
during extinction was .13 + .39, which 
is clearly not significant. For Group 
VI this correlation was .68 + .20, 
which is significant beyond .01. 


Discussion 


Experiment I.—The present studies 
were designed in an attempt to assess the 
importance of the intertrial responding 
which is typically observed in condition- 
ing studies. As indicated by the data 
summarized in Table 1, it is apparent 
that the occurrence or nonoccurrence of 
interval responding produced no signifi- 
cant alteration in either conditioning or 
extinction. This evidence is contrary to 
that reported by Coppock and Mowrer 
(2) who found a significant retardation 
over the last five days of conditioning 
when interval responses were prevented. 
They employed a bar-touching task and 
intertrial responses were prevented by 
withdrawing the bar between trials. A 
trial was initiated by reinserting the bar 


and presenting the CS. As the authors 
noted, the appearance of the bar for the 
experimental group was in an ideal 
relationship to become a CS for avoid- 
ance behavior. Since evidence is avail- 
able (9) which indicates that a CS in 
avoidance learning acquires fear-evoking 
qualities, it suggests the possibility that 
the low rate of response in the response- 
blocked condition of Coppock and 
Mowrer might be more parsimoniously 
attributed to an acquired fear of the bar 
itself. It appears that this artifact is 
sufficient to account for the significant 
differences observed. Unfortunately, 
Coppock and Mowrer did not obtain 
extinction data on their rats, It may be 
noted that in the present experiment the 
movement of the door is similarly a part 
of the CS complex. However, this pre- 
sents no interpretative problem since the 
moving door was present in both experi- 
mental and control groups of the present 
study. 

Although the trend of IR’s during con- 
ditioning is confounded somewhat in the 
present study with a progressively di- 
minished intertrial interval, it is im- 
portant to note that the rate of interval 
responding had reached an asymptote in 
all groups before any modification was 
made in the intertrial interval. 

The decreasing incidence of response 
during the first three test periods for 
animals subjected to'a sham conditioning 
procedure with no increase in the in- 
cidence of "CR's" indicates that the 
downward trend typically observed in 
conditioning groups (5, 6) may be 
parsimoniously attributed to a decrement 
in exploratory behavior plus the inhibi- 
tory effect of shock. Although there is a 
decreasing incidence of response for the 
sham conditioned animals, it is important 
to note that the response rate is signifi- 
cantly lower in the two conditioning 
groups. 

Experiment II.—In analyzing the data 
from Exp. I it was somewhat surprising 
to find that there was no significant 
correlation between CR’s and IR’s during 
extinction for the animals which were 
permitted to respond freely during ex- 
tinction. This observation suggested 


260 


the possibility that the problem was 
altered to some extent by the inclusion 
of a moving door. This alteration may 
be attributed either to (a) the movement 
of the door which may have served to 
direct the attention of the animal to the 
required location of the response; or (4) 
the door guides may have provided an 
additional cue that the response had been 
completed. Since the movement of the 
cut-out door and the noise involved were 
very slight, attention was focused on the 
door guides which served to clearly 
differentiate the two compartments. If 
the differentiation of the two compart- 
ments is considered to have made the 
situation less ambiguous for the animal, 
an enhanced effect might be anticipated 
if the two compartments were markedly 
different in color. This line of reasoning 
suggested the hypothesis that if each 
compartment were clearly discriminable, 
the occurrence of IR's would be un. 
correlated with the incidence of CR's. 
In addition, if the information gained on 
a missed trial in extinction is less am- 
biguous, it should be utilized more 
effectively in solving the problem posed 
during extinction; consequently, it was 
predicted that Ss learning in the black- 
white situation should perform fewer 
CR's in extinction than Ss learning in the 
all-white situation. These predictions 
were confirmed by the results of Exp. II. 
When the situational cues were clearly 
defined by having each compartment a 
different color (Group V), there was no 
longer a significant correlation between 
CR’s and IR’s in extinction and the 
number of CR's during extinction was 
significantly reduced. 

One of the most perplexing and para- 
doxical aspects of avoidance learning has 
been the failure to find any correlation 
between the number of CR's in condi- 
tioning and the number of CR's in 
extinction (1). This has been surprising 
since it seems clear that in the extinction 
phase one is only measuring behavior 
which was established in the acquisition 
phase. With the interpretation that the 
door guides employed in Exp. I made the 
problem less ambiguous, it appeared de- 
sirable to determine the relationship 
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between CR's in conditioning and ex- 
tinction for animals permitted to respond 
freely in Exp. I. The r for these data 
was .52 + .18 (P < .05). 

Experiment II provides a check on 
this interpretation since for the all-white 
condition no door guides were present 
between compartments and the correla- 
tion of CR's in conditioning and extinc- 
tion should be of zero order. With the 
black-white arrangement the compart- 
ments were clearly differentiated and the 
relationship between acquisition and ex- 
tinction scores should be highly signifi- 
cant. It may be noted that these 
correlations were computed on the entire 
group of rats in each case. The previ- 
ously described problem of low respond- 
ers does not bias these data since the 
possibility of low responders in condi- 
tioning is eliminated by the acquisition 
criterion. Ther between CR's in condi- 
tioning and extinction for the all-white 
arrangement was .20 Æ .15, which is 
not significant. A similar r of CR's 
in acquisition and extinction for the 
black-white arrangement was .60 + .17 
(P «.01) Thus it appears that the 
usual lack of correlation between acquisi- 
tion and extinction scores in avoidance 
learning may be attributable to the am- 
biguity which such a situation typically 
contains. 

In future studies the use of a black and 
white compartment shuttle box may be 
of considerable value when an unusually 
prolonged extinction period is anticipated. 
The use of discriminably different com. 
partments would make it possible to 
extinguish Ss in a reasonable period of 
time without reducing the acquisition 
criterion to such a point that classical and 
instrumental conditioning are hopelessly 
confounded. 

An additional full scale experiment 
was completed in an attempt to investi- 
gate the possibility that IR’s represent 
an attempt by $ to avoid the CS for the 
next trial by utilizing the same response 
which has been regularly employed to 
avoid the unconditioned stimulus. The 
Procedure and apparatus were identical 
to those described for Group VI (all- 
white compartments) with the exception 
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that if an interval response occurred the 
CS and UCS for the next trial were 
omitted. It was predicted that barrier- 
crossing responses would increase to a 
high level and eventually reach a steady 
state since by performing an IR the CS 
could be avoided and fear minimized in 
the situation, i.e., a more complete 
solution was available. One group 
(N = 13) was conditioned for 15 days 
and another (N = 15) for 30 days. No 
definitive increase in total responding 
was observed. 

Although we have as yet no answer to 
the baffling question of the motivation 
and reinforcement for IR’s, the present 
studies indicate that the occurrence or 
nonoccurrence of IR’s need present no 
serious question in the interpretation of 
CR’s in this experimental situation. 


SuMMARY 


Experiment I was designed to assess the 
effect of intertrial responding on the course of 
conditioning and extinction of a barrier-crossing 
avoidance response. Four randomly selected 
groups of rats were employed. In Group I, 
interval responses (IR's) were blocked through- 
out conditioning and extinction. In Group II, 
IR's were permitted throughout. For Group 
III the intertrial responses were permitted in 
conditioning and blocked during extinction. 
Group IV was subjected to a sham conditioning 
procedure with no shock UCS present at any 
time and intertrial responses freely permitted 
throughout. 

The amount of interval responding for the 
two conditioning groups in which IR's were per- 
mitted during conditioning was significantly 
lower than in the sham conditioning group. The 
Occurrence or nonoccurrence of IR's produced no 
significant effect on the course of either condi- 
tioning or extinction. Conclusions: (a) per- 
mitting or blocking IR’s produces no significant 
effect on the course of either conditioning or 
extinction; (b) the incidence of IR's is signifi- 
cantly decreased by the shock UCS. 

Experiment II was designed to determine the 
effect of having each compartment discriminably 
different in color. One group was trained with 
one black and one white compartment while 
another group was trained with both compart- 
ments white. The use of different colored com- 
partments eliminated the significant correlation 


261 


between CR’s and IR’s in extinction which was 
observed in Ss learning under the similar-color 
compartment situation. 

A significant positive correlation was obtained 
between CR’s in conditioning and CR’s in ex- 
tinction for Ss learning under the black-white 
compartment situation. The repeated failure 
to find such a relationship in avoidance learning 
was attributed to the ambiguous aspects typi- 
cally employed for avoidance studies. Conclu- 
sions: (a) in a two-compartment situation with 
each half identical a significant correlation occurs 
between CR's and IR's during extinction; (b) 
with different colored compartments no signifi- 
cant correlation occurs between CR's and IR's 
during extinction; (c) with identical compart- 
ments no significant correlation is found between 
CR's in conditioning and extinction; and (4) 
with different colored compartments the correla- 
tion between CR's in conditioning and extinction 
is significant and positive. 
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A noticeable recent trend in studies 
of perception has been the renewed 
attention given to stimulus properties 
which influence perceptual responses. 
This applies in general terms to 
studies in vision (8) and more specif- 
ically to studies in the field of hearing 
(4). It is interesting to note that 
considerable progress was made in the 
latter field once stimuli were con- 
sidered as members of specifiable 
ensembles, i.e., once a probabilistic ap- 
proach had been adopted in the 
specification of inputs (11). The 
problem of stimulus specification is 
very much more difficult for visual ma- 
terial, and for this reason the attempt 
at statistical specification has been 
made chiefly with nonsense figures (3). 
Specification of visual stimuli in prob- 
abilistic terms has led to an examina- 
tion of the relation between phe- 
nomenological Gestalt concepts and 
those derived from information theory 
(1, 2, 12), and this type of cross-com- 
parison should become increasingly 
fruitful. 

The present experiments were car- 
ried out to investigate further a 
difference in performance noted in a 
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previous study (7) using samples of 
metric figures generated by two differ- 
ent probability rules. Metric figures 
resemble small histograms and are 
generated in m X m matrices, the 
heights of successive columns being 
determined by such procedures as 
reference to tables of random numbers. 
The rules for selection of column 
heights may be varied: from a sym- 
metrical n X n matrix n” different 
figures can be generated when no 
restriction at all is placed on the 
selection process, and n! when the 
selection is limited in such a manner 
that each of the n column heights must 
appear once in one of the n positions 
of each single figure. In the paper 
cited (7), the set of figures generated 
by the first rule was referred to as the 
random sample of figures; that gen- 
erated under the second as the com- 
strained sample of figures. 

Applying information measures, 
constrained figures convey less in- 
formation than random figures, and 
the former are redundant with respect 
to the latter by a specifiable amount. 
On this count one might have ex- 
pected the constrained figures to be 
dealt with more easily than the others. 
However, figures in a constrained 
sample are more homogeneous in 
several respects than are figures in a 
random sample (e.g., in the former all 
figures have the same area, the same 
black-white ratio, and the same 
number of contour breaks). Thus, 
“at a descriptive level the constrained 
figures certainly give the appearance 
of being more similar" (7, p. 9), and 
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hence, on this count one might have 
expected constrained figures to be 
dealt with less easily. In point of 
fact, it took 40% more time on the 
average to identify each constrained 
figure (7, p. 6). Since another form 
of redundancy (the drawing of a 
mirror-image of the contour) had been 
found to facilitate performance, Fitts 
et al. (7) interpreted the above finding 
as demonstrating that the decrement 
resulting from constrained sampling 
was due to the particular form of 
redundancy used rather than that 
redundancy per se was detrimental. 

This finding and the interpretation 
given to it clearly opened up two 
distinct lines of inquiry: first, Which 
forms of redundancy are perceptually 
useful? and second, Why are some 
particular forms detrimental? It is 
the latter question with which we are 
concerned in the present paper. 

It will be noted that frequent use 
of the words “sample” and “sam- 
pling” will be made, mainly with 
reference to sets of metric figures. 
Since it is customary to speak of 
samples of Ss, but not samples of 
items or of stimuli, the present usage 
may be confusing initially. The con- 
cept of sampling is, however, a basic 
one for a probabilistic approach, and 
hence the retention of the terms with 
reference to the figures as well as to 
Ss is quite deliberate (cf. 3, P- 453). 

Two series of experiments will be 
presented. In the first, an attempt 
was made to isolate two stimulus 
variables concomitant with the con- 
strained sampling procedure. In the 
second series, we studied the differ- 
ential effects on performance of sam- 
ples of figures generated under three 
different rules of selection and pre- 
sented to Ss in three different tasks. 
In other words, an examination was 
carried out of the possible interaction 
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between characteristics of a message 
and S's use of the message. 


eS 


EXPERIMENT I 


It is possible to produce certain 
types of similarities among figures in 
order to study the effect of a given 
type of homogeneity on performance 
in perceptual tasks. The samples of 
figures generated to achieve specific 
homogeneities are redundant with 
respect to those generated randomly 
without any sampling restriction. 
The purpose of the first series of ex- 
periments was to investigate the 
effects of homogeneity of area and 
homogeneity of detail separation. 


Method 


Stimuli. —Four samples, each containing eight 
8 X 8 metric figures, were used. Two of these 
were the random and constrained samples de- 
scribed above and used previously by Fitts et al. 
(7). A third sample of figures, Adjusted I, was 
selected with the restriction that all figures have 
the same area, equal to the area of the con- 
strained figures. A fourth sample, Adjusted II, 
was selected with the restriction that in any 
given figure no two adjacent column heights 
should be the same. 

Task.—The standard identification task was 
used. This task has been described in detail 
elsewhere (7). In brief, the eight figures of a 
sample are replicated in each of six rows of a 
sorting board, the order of figures being random 
and different in each row. A copy of one of the 
figures is placed at the top of the board. The 
task is to identify this figure in each row by 
turning it over. The same procedure is followed 
for each figure of the sample. The time re- 
quired to do this is measured on a Standard 
Electric timer to the nearest .01 sec. 

Subjects—The 32 male and female Ss were 
members of introductory psychology courses at 
Ohio State University. 

Procedure—Group 1, consisting of 16 Ss, 
performed on the Random, the Constrained, and 
the Adjusted I samples. Group 2, consisting of 
16 Ss, worked with the Random, the Con- 
strained, and the Adjusted II samples.. In each 
group all Ss were tested with all three samples of 
figures, the order of presentation being inde- 
pendently randomized for each S. The experi- 
ment was given in two ]-hr. sessions on two suc- 
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cessive days, each S participating in each condi- 
tion twice on each day, a total of 12 trials for the 
two days. A trial consisted of eight items. An 
item consisted of the identification of a desig- 
nated figure in each of the six rows of the sorting 
board. 

The Ss were told to go as fast as they could, 
but to correct any errors in any one row before 
going on to the next. On completion of a trial, 
Ss were told the summed time for all eight 
items, 

Scoring.—The sum of the times for the two 
trials under the same condition on Day 2 was 
divided by 96 (2 trials X 8 items X 6 rows) to 
give a mean time per figure per row, for each 
sample and for each S. Only the performance 
data for the second day will be presented, 


Results 


For Group I the mean times per 
figure per row (in seconds) were 2.00 
for the Random, 2.54 for the Adjusted 
I, and 3.36 for the Constrained figures. 
For Group 2 the mean times were 2.18 
for the Random, 2.92 for the Ad- 
justed II, and 3.52 for the Con- 
strained figures. In both groups, 
analysis of variance indicates signifi- 
cant effects due to the rules of sam- 
pling of column heights (P < .01). 
As in previous studies, Ss required 
longer identification times for con- 
strained than for random samples of 
figures, and the adjusted samples were 
of intermediate difficulty. 

The Mann-Whitney U test (10) of 
significance between groups using the 
two samples of adjusted figures 
showed that mean times for Adjusted 
II were significantly greater than for 
Adjusted I (P « .01). Asa check on 
the comparability of the two different 
groups who used the same samples of 
random and constrained figures, it 
should be mentioned that there were 
no significant differences for scores 
on random figures or for scores on 
constrained figures. 


The results of this experiment were 
consistent with those of the previous 
study (7) and indicated that all of the 
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forms of constraint used when selecting 
column heights in the generation of 
metric figures resulted in a performance 
decrement, and that some constraint; 
had a greater effect than others. The 
implications of these findings will be 
referred to in the final discussion section, 

There were now a number of further 
possibilities for research. Two of these 
were the investigation of further variants 
of sampling constraints and the inter- 
action between different types of con- 
straints and the learning and perform- 
ance requirements of different tasks. It 
was decided to follow the second of these 
alternatives. 


EXperiment II 


In the segond series of studies we 
decided to make use of figures gen- 
erated by three different rules of 
sampling and to use samples of 12 
rather than of 8 figures. _ The sizes of 
the Random, Constrained, and Ad- 
justed II samples used in Exp. I were 
therefore increased accordingly. We 
used the Adjusted II in preference to. 
Adjusted I sample because the type 
of constraint employed there was — 
more closely related to that employed 
in the standard, constrained sample, 
ie, the constraint affected column 
interdependency rather than any 
property of the whole figure. The 
three tasks chosen for study were a 
classification task, a paired-associate 
learning task, and a reconstruction 
task. The first was a task rather 
similar in most respects to the stand- 
ard identification task used earlier; 
the second required a verbal rather . 
than a motor response; and the third 
was one in which Ss had to recon- 
struct the details of each figure on a 
Physical model. In Exp. II a spatial 
perception pretest (5) was to enable 
the population from which Ss had 
been sampled to be specified. These 
test results were also used for match- 
ing purposes. 
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Method 


Tasks and apparatus—The three tasks were 
as follows: (a) In the classification task, Ss were 
presented with stacks of 72 stimulus cards (6 
replications of 12 figures) arranged in random 
order. The Ss were required to place each 
figure in turn into one of 12 boxes, below each of 
which was a copy of one of the 12 figures. The 
score was the time required to sort once through 
one set of 72 figures, as read from a Standard 
Electric timer. (b) In the paired-associate task, 
stimuli were reproduced on 2 X 2-in. slides and 
projected on a screen in one of two ways: for 
practice sessions, stimuli and letters were pro- 
jected together; for test sessions, stimuli were 
projected by themselves. Stimuli were pre- 
sented at the rate of one every 5 sec., with an 
exposure time of 3 sec. Rate of presentation 
and duration of exposure time were controlled 
by a disc rotating in front of the projector. The 
figure image on the screen was 18 X 18in. (¢) 
In the reconstruction task, Ss were presented 
with one figure which was exposed for .5 sec. at 
atime. They were required to reconstruct this 
figure using a physical model on which they could 
adjust eight columns to the correct heights. 
Each stimulus figure was exposed repeatedly 
until S succeeded in reconstructing it correctly. 
Stimuli were exposed in the frontal horizontal 
plane by a shutter arrangement, the action of 
which was under S's control. The duration of 
exposure was uniform and not under S's control. 
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Fic. 1. Apparatus used in the figure recon- 

struction task. The S exposed the stimulus 

. (upper) figure for .5 sec., then moved the indi- 

- vidual bars of the lower figure to form the same 

. contour, using as many exposures as necessary 
+ to complete the task. 
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The general appearance of the apparatus is 
shown in Fig. 1. 

Subjects.—The 144 male and female Ss used 
in Exp. II were members of psychology courses 
at Ohio State University. 

Procedure —The over-all design is best visual- 
ized in a 3 X 3 block diagram having the three 
samples of figures along one dimension and the 
three tasks along the other. In each of the nine 
cells 16 different Ss were used. These 16 Ss 
were selected from a larger population on the 
basis of the pretest, matching means and vari- 
ances for all nine groups of Ss. Within this 
over-all design, procedures varied depending on 
the task used. For the classification task each 
S was required to deal with his particular sam le 
twice in succession. For the Nep A 
task, practice and test sessions alternated: there 
were four practice sessions during which two lists 
of 12 items were presented, each practice session 
being followed by a test session of one list, except 
for the final practice session which was followed 
by three lists. The orders of presentation for 
the 12 figures differed within each practice and 
test list. For the reconstruction task, Ss were 
presented with repeated exposures of one of the 
12 figures until they had reconstructed it cor- 
rectly, Then a new figure was presented with 
repeated exposures. This was continued until 
each S had reconstructed all 12 figures correctly, 
A different order of presentation was used with 
each S. i 

All Ss were given the California Survey of 
Space Relations Ability (5) as a pretest a few 
days before their first experimental session. 
Pretesting required about 20 min., while 1 hr. 
was allowed for the experimental essions. Tor 
the classification and reconstrüctión tasks Ss 
were tested singly, but for the paired-associate 
learning task the experiment was conducted with 
groups of 16 Ss. Instructions can be para- 
phrased as follows: (a) For the classification 
task, Ss were instructed to work as fast and as 
accurately as possible. Very few errors were 
made and these were npt taken into account in 
scoring. (b) For the paired-associate learning 
task, Ss were provided with separate booklets 
for the practice and test sessions. They were 
instructed to write down their responses on à 
different sheet of the booklet for each stimulus. 
During practice they were encouraged to note 
special features of the figures which might help 
in learning. The Æ read out the correct order 
of responses after each test session, and after Ss 
had put down their pencils. (c) For the recon- 
struction task, Ss were instructed to make suc- 
cessive adjustments to the slides of the physical 
model after each exposure of the test figure. 
Having moved all eight column heights once, i.e. 
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having achieved a “first approximation” of the 
figure, they were informed of those columns 
which were in error, but not the amount and di- 
rection of the error. They were then permitted 
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TABLE 1 
Summary or THE RESULTS oF Exp. II 


Task 


Ran- 
dom 


Sample of Figures 


Ad- 
justed 


Con- 


strained 


Classification: 
Time to sort six repli- 
cations of each of| 
12 figures 
Mean 
SD 


re 
Ss 


119| 1.08 


Paired-Associate Learn- 


ing: 

Number of items cor- 
rect on last test 
trial, three lists 

of x figures 


Correct item score— 
consistency score| 
on last three test 
lists 

Mean 
SD » 


Reconstruction : 
core 1—number of 
exposures to re- 
produce 12 fig- 
ures correctly 
ean 


Score 2—number of 
exposures to 
complete first. 
approximation of| 
-12 figures 

Mea 
SD 

Score 3—average 
number of col- 
umn heights 
manipulated per 
exposure for b 


Score 4—column 
heights in error 
at first approxi- 
mation for 12 
figures 

Mean 
SD 


63.87 
14.66 


fs 


41.00 
13.86 


20.56, 
6.93 


4.56 
7.25 


101.81 
21.29) 


82.06 
28.35 


63.37 
14.78 


50.56 
16.54 


23.07, 


E 


41,94) 
22.19) 


30.63 
17.03 


47.68 
27.99 


to take additional half-second looks at the figure 
and make further adjustments until they were 
satisfied. : 


for all scores on all the experimental 
tasks. Table 2 shows the summary of _ 
tests of significance for the experi- 
mental effects. 4 

Classification task.—It will be seen .— 
(Table 1) that the least time was re- 
quired to classify the random sample 
and the most time to classify the con- 1 
strained sample, the difference being 
about 46%. The results of an anal- | 
ysis of variance performed on these 
data are summarized in Table 2, t 
Matching having been found to be. 
successful, the appropriate test of — 
significance was used. The effect due _ 
to differences in the degree of restric- 
tion imposed by the sampling pro- | 
cedures for stimulus figures was highly 
significant. 

Paired-associate learning task—Two 
Scores were used, The first was the 
sum of correct responses made on the 
last of three test lists, i.e., a possible F 
score of 36 correct responses per S. _ 
It will be seen (Table 1) that random _ 
figures were learned most easily and 
the constrained figures were learned 
with greatest difficulty, the adjusted 
figures being of intermediate difficulty. 

It was again possible to treat the 
groups as matched. The effect due 
to sampling rules was found to be - 
highly significant. The second score . 
used is a form of criterion score and 
referred to as the “correct item score.” 
For each S the number of figures : 
correctly identified through the three F 
final test lists was counted (see 
Table 1). This score appears to be 
somewhat more sensitive than the 
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TABLE 2 
Summary or Tests or SIGNIFICANCE For THE Dara or Exp, II 
Mean 
Task and Test of Significance Source a | Send | P 
Normal 
Deviate 
Classification 
(Analysis of Variance) Sampling Rules 2 21.15 <.01 
Subjects 15 
Error 30 97 
Total 47 
Paired-Associate Learning 
Number Correct (Analysis of Variance) | Sampling Rules 2 894,33 <.01 
Subjects 15 
Error 30 30.02 
Total 47 
Consistency Score Random > Constrained <.01 
(Mann-Whitney U) , Adjusted > Constrained <.01 
Random > Adjusted <.01 
Reconstruction 
Score 1 Sampling Rules 2 1781,30 NS 
(Analysis of Variance) Error 45 614.20 
"Total 47 
Score 2 Sampling Rules 2 911.10 | «.05 
(Analysis of Variance) Error 45 251.50 
"Total 47 
Score 3 Constrained > Random = 1,39 08 
(Mann-Whitney U) Constrained > Adjusted —1.92 .03 
Random 2 Adjusted -37 435 
Score 4 Constrained > Random 37 
(Mann-Whitney U) Constrained > Adjusted —.85 .20 
Adjusted > Random —.43 34 


total correct score shown above: on 
the latter score, constrained figures 
obtained 49% fewer correct responses 
than random; with the correct item 
score, the percentage difference was 
72% (results of Mann-Whitney’s U 
Test, P < .01). 

Reconstruction task.—A number of 
different scores were used to evaluate 
performance on the reconstruction 
task. This task was the only one of 
the three in which prematching did 
not have a significant effect. Accord- 
ingly, a random assignment design 
was used for the analyses of the data. 
The first score examined was the 
number of exposures required to re- 


produce each figure perfectly. The | 
analysis of variance using this score 
showed that there was no significant 
effect due to rules of sampling. 

The second score taken was the 
number of exposures required to com- 
plete “the first approximation,” i.e., 
the number of exposures required to 
manipulate each column at least once. 
It will be seen that there was little 
difference using this score between the 
random and adjusted figures, but 
that the constrained figures required 
fewer exposures than either of the 
other two. The effect due to rules of 
sampling was significant at the .05 
level. 
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The third score taken was the 
number of columns moved per ex- 
posure (Table 1). There was a close 
similarity, again, between random and 
adjusted; however, the constrained 
figures showed a larger number of 
columns moved than the other two 
sets of figures. In view of the con- 
siderable difference in the type of 
distributions, the effects were tested 
by the Mann-Whitney U test, which 
indicated a significant difference be- 
tween the constrained and the ad- 
justed samples (Table 2). 

The fourth score was the amount of 
error found at the first approximation. 
This score was obtained by taking the 
sum of the absolute differences be- 
tween actual and observed column 
heights for each column and for each 
figure. It can be seen that there were 
no significant differences due to sam- 
pling rules reflected in this score 
(Mann-Whitney U 'Test). 

Generally speaking, it appears that 
it was easier to achieve a first ap- 
proximation of constrained figures, 
but that this initial advantage was 
lost when complete accuracy of re- 
construction was required. A further 
point to note is that in the reconstruc- 
tion task the adjusted sample through- 
out had scores more similar to the 
scores of the random than to the 
constrained sample. 


Discussion 


The major purpose of the two series of 
experiments was to obtain an answer to 
the question: Why is a particular form of 
redundancy detrimental to performance 
in an identification task? In Exp. I, the 
two different methods of constraining the 
sampling of column heights had a detri- 
mental effect on performance in the 
identification task. However, restrict- 
ing the relation of adjacent figure details 
was more detrimental than restricting 
the over-all area of the figure. 
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In Exp. II, performance measures on 
two new tasks, that of classification and 
paired-associate learning, showed the 
same relation among the sets of figures 
generated as had the original identifica- 
tion task. The agreement between iden- 
tification and classification may be 
accounted for by the fact that Ss were 
required to use similar perceptual proc- 
esses—a matching of figures. This is 
consistent with results by Leonard, 
Clarke, and Staats (9) which showed 
high positive transfer from a classification 
to the standard identification task. The 
agreement between identification, classi- 
fication, and paired-associate learning is 
consistent with the results of Adams 
et al. (1), who found a high positive 
correlation between paired-associate and 
identification measures. This relation is 
of theoretical importance in that it 
emphasizes the role of identification, 
discrimination, and classification in learn- 
ing to name samples of objects as stressed 
by Adams et al. 

The reconstruction task, however, 
shows a different relation among the 
three samples of figures than the other 
tasks. All measures in this task indicate 
a close similarity between random and 
adjusted samples, whereas in other tasks, 
measures indicated that the adjusted 
sample was more closely related to the 
constrained sample. It should be noted 
that the reconstruction task differs from 
the other tasks in that, in the former, it, 
is necessary to note every detail of a 
figure, and each figure was presented in 
isolation—that is, not in context with the 
sample. 

These differences between the two sets 
of tasks and, more specifically, the 
different measures obtained in the re- 
construction task provide a number of 
clues about possible effects on perform- 
ance of different rules of sampling figure 
details. Note that it took significantly 
fewer exposures to achieve a first ap- 
proximation of the constrained figures 
than for the figures in the other samples. 
Also, a greater number of columns were 
manipulated per exposure on the con- 
strained figures. But, there is no differ- 
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ence between the number of exposures 
required to complete a perfect recon- 
struction for any of the three samples. 
This indicates that it may be easier to 
perceive the general outline of a con- 
strained figure, but perfect reconstruction 
is as hard to achieve for these as for the 
other two samples of less restricted 
figures. It is concluded that the ad- 
vantage of random figures in a recogni- 
tion task must result from 5's ability to 
make his discriminations on the basis of 
distinctive parts of each figure. It is 
therefore assumed that randomness pro- 
vides more and/or easier to discriminate 
combinations of details and thus permits 
$ to reduce the amount of information 
he must process before he can respond. 
Thus, although redundancy reduces total 
figure information, in certain cases it may 
greatly increase the information that S 
must process before he can identify a 
particular figure. In line with this 
analysis were the findings from the first 
experiment, in that a restriction on 
sampling of adjacent details had a more 
detrimental effect on speed of identifica- 
tion than a restriction which applied to 
over-all area. 

In general, the present findings sup- 
port the original interpretation of Fitts 
et al. (7) and explain it even further. 
The constraints employed introduce re- 
dundancy in an unsatisfactory manner 
because these constraints reduce the 
probability of distinctive cues appearing 
in each of a given sample of metric 
figures. One suspects that constrained 
figures would be judged by most Óbserv- 
ers to be phenomenologically "better" 
than the random ones. Yet their use in 
several tasks has been shown to have a 
definitely detrimental effect on perform- 
ance. One is reminded of the finding 
that aesthetically good sets of letters 
gave consistently poorer performance 
than aesthetically bad sets in legibility 
studies (6). The possibility of cross- 
Comparisons between phenomenologically 
derived concepts and those based on in- 
formation theory was mentioned in the 
introduction. More generally, one may 
now suggest that with increasing ability 
to specify stimulus properties in prob- 
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abilistic terms the time seems ripe for 
either an extension of information meas- 
ures or a new measure to predict why 
different methods of introducing redun- 
dancy result in differential performance 
in perceptual tasks. 


Summary 


The present study extends and analyzes the 
previously reported finding that one form of re- 
dundant metric figures (made redundant by the 
sampling restriction that a particular contour 
detail could occur only once) was more difficult 
to identify among a sample of similar figures than 
were random (nonredundant) metric figures. 
In Exp. I, two intermediate levels of redundancy 
(restricting total figure area and restricting the 
relation of adjacent details) were compared with 
the more extreme levels studied earlier. In 
Exp. II, the perceptual task was varied so as to 
require (a) classification of a series of figures, 
(b) paired-associate learning of figure names, 
and (c) complete reconstruction of figures. 

Use of the two intermediate levels of redun- 
dancy produced figures that were more difficult 
to identify than were random figures, but less 
difficult than the original redundant (con- 
strained) figures. Homogeneity among figures 
which was produced by restricting the random 
relation of adjacent contour details (no two ad- 
jacent columns the same height) had a greater 
effect than did homogeneity produced by hold- 
ing over-all figure area constant. 

"Two of the new perceptual tasks studied in 
Exp. II showed effects of levels of redundancy 
which were similar in direction and relative 
magnitude to the effects found with the standard 
identification task. ‘These were the classifica- 
tion task and the learning task. Levels of re- 
dundancy had minor over-all effects on the 
efficiency of complete figure reconstruction, how- 
ever. 

These results are interpreted as supporting 
the hypothesis that Ss will find ways of utilizing 
only the amount of information called for by a 
perceptual task. Thus, in identification, classi- 
fication, and learning tasks they will use only 
distinctive details of a figure. Such distinctive 
details are more likely with the use of random 
(nonredundant) figures. Only in the recon- 
struction task is it necessary to respond to all 
of the information (all details) in a figure. The 
results suggest certain interesting differences 
between the data obtained for phenomenological 
and performance criteria, and between studies 
of the properties of individual figures and the 
properties of samples of figures. 
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RATINGS DURING SLEEP DEPRIVATION! 


EDWARD J. MURRAY, HAROLD L. WILLIAMS, Ax» ARDIE LUBIN 
Walter Reed Army Institute of Research ` 


Kleitman (1) has stated that body 
temperature is closely associated with 
many of the phenomena of sleep and 
wakefulness, although he thinks that 
body temperature, itself, is simply a 
convenient way of measuring muscle 
tonus. Kleitman (1), and Kleitman 
and Jackson (2) have shown that body 
temperature has a diurnal variation 
which persists during sleep depriva- 
tion and which is positively related to 
the efficiency of performance on such 
tasks as reaction time and color 
naming. Kleitman (1) goes on to say 
that body temperature is negatively 
related to subjective feelings of sleepi- 
ness but presents no evidence for this 
assertion other than an inference from 
the performance data. The purpose 
of this study was to test this hy- 
pothesis by comparing psychological 
ratings of sleepiness and fatigue by 
Ss and Os with body temperature 
measures during 98 hr. of sleep 
deprivation. 


METHOD 


Subjects and observers: —The Ss were 15 en- 
listed men who had volunteered fora study on the 
effects of sleep loss on a number of psychological 
and physiological variables. The group of Os 
was composed of 15 control Ss, three noncom- 
missioned officers, four Army nurses, and a social 
science assistant. The experimental Ss were 
studied in groups of five on a comfortably heated 
ward which is more fully described elsewhere (4). 
After a control period, Ss were kept awake by 
gentle methods from 6:00 a.m. on a Friday morn- 
ing to 8:00 a.m. on the following Tuesday morn- 
ing for a total of 98 hr. 


! The authors wish to thank all of the staff 


members who helped with the ratings and Melvin. 


Cohen who helped with the statistical computa- 
tions, 


2 Now at Syracuse University. 


Rating scales—Two four-point rating scales 
were developed on the basis of preliminary stud- 
ies. The sleepiness scale consisted of the follow- 
ing steps: 1. wide awake; 2. getting sleepy; 3. 
pretty sleepy; and 4. trouble staying awake. 
"The fatigue scale consisted of the following steps: 
1. not tired; 2. little tired; 3. pretty tired; and 
4. dead tired. Each step in both scales was 
printed on an index card handy for sorting. 

Self-rating procedure.—During the 98 hr. of 
sleep deprivation each S's oral temperature was 
measured 10 times during each 24-hr. period at: 
9:00 a.m. and 12:00 m.; 3:00, 6:00, 8:00, 10:00, 
and 12:00 p.m.; and 2:00, 4:00, and 6:00 a.m. 
An extra reading at 8:00 a.m. on the last day 
brought the total number of readings to 41. 
While the thermometer was in S’s mouth, he was 
seated at a table and asked to make several rat- 
ings. He selected the one statement from the 
sleepiness scale and the one statement from the 
fatigue scale which best described his subjective 
state at that particular moment. Then, using 
the sleepiness scale, he was asked to describe each 
of his four fellow Ss in the experimental group. 

Observer rating procedure.—Shifts were ar- 
ranged so that one nurse and one noncommis- 
sioned officer were always on duty during the 98 
hr. of sleep deprivation. Immediately after the 
temperatures were taken, the nurse and the non- 
commissioned officer independently selected a 
statement from the sleepiness scale which best 
described each of the experimental Ss. In addi- 
tion to the nurse and noncommissioned officer 
ratings, the five members of each control group 
rated the experimentals. They made six ratings 
a day between 9:00 a.m. and 10:00 r.m., but, of 
course, had to sleep during the night. A social 
science assistant continued the sleepiness ratings 
from 12:00 r.m. to 6:00 a.m. each day. The 
nurse rating, the noncommissioned officer rating, 
and the combined control group and social sci- 
ence assistant rating over the 98 hr. of sleep 
deprivation showed an average multiple correla- 
tion of .80. Therefore, these three sets of rat- 
ings were averaged to obtain an over-all ob- 
server rating for each experimental S. 


RESULTS AND Discussion 


The average body temperature dur- 
ing the sleep deprivation period is 
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Fic. l. Average oral temperature measures 
in degrees Fahrenheit and average self-ratings of 
fatigue for 15 Ss during 98 hr. of sleep depriva- 
tion. 


shown in Fig. 1 along with the average 
self-rating of fatigue for comparison. 
It can be seen that body temperature 
shows a persisting diurnal variation 
during sleep loss as Kleitman reports. 
However, body temperature also 
shows an over-all decrease while self- 
ratings of fatigue show an increase 
with hours of sleep deprivation. 
Table 1 shows the intercorrelations 
between each of the four ratings, body 
temperature, and hours of sleep 
deprivation. All four psychological 
ratings have high and positive correla- 
tions with hours of sleep deprivation 
and with each other. On the other 
hand, body temperature is negatively 


TABLE 1 


Propuct—Moment r’s Berween Four RATINGS 
Bopy TEMPERATURE, AND Hours oF 
SLEEP Deprivation 


die. Sleep. Steep- PO | Bod 
tigue-| SP" ie y 
Self 'ellows mi Temp. 
Sleep-Obs. 94 | .73 | 92 | .94 | —.66 
Fatigue-Self 78 | 91 | 99 |—.67 
Sleep-Self 89 | .78 |—.69 
Sleep-Fellows 92 |—.69 
Hours of Sleep 
Loss —.59 
Body Tem- 
perature 
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correlated with each of the four psy- 
chological ratings as well as with hours 
of sleep loss. However, before con- 
cluding that sleepiness ratings in 
general are inversely related to body 
temperature, it is necessary to partial 
out the effects of hours of sleep loss 
with which both ratings and tempera- 
ture are correlated. When amount of 
sleep loss is held constant, the partial 
correlations with body temperature 
are: observer rating of sleepiness, 
— 40; self-rating of sleepiness, —.46; 
fellow Ss rating of sleepiness, —.47; 
and self-rating of fatigue, —.76. 
Therefore, sleepiness ratings in general 
appear to be inversely related to body 
temperature even when hours of sleep 
deprivation are held constant. These 
results strongly support Kleitman’s 
hypothesis about body temperature 
and sleepiness but, of course, have no 
bearing on the relationship between 
body temperature and muscle tonus. 

The average sleepiness ratings by 
observers, fellow Ss, and the Ss them- 
selves during the course of the 98 hr. 
of sleep deprivation are shown in 
Fig. 2. It can be seen that Ss rate 
themselves as less sleepy than they 
do their fellow Ss. Furthermore, 
both Ss' self-ratings and their ratings 
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Fic. 2. Average sleepiness ratings by ob- 
servers, fellow Ss, and the Ss themselves during 
98 hr. of sleep deprivation. 
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of their fellow Ss are considerably 
below the ratings of the observers. 
These three differences increase sig- 
nificantly (P < .001) during the four 
days of sleep loss when evaluated by a 
nonparametric test based on average 
Spearman correlations of ranked daily 
discrepancies between pairs of ratings 
and ranked days of sleep loss (3). By 
the fourth day of sleep loss the 
differences are significant (P < .01) 
by a sign test. However, right at the 
end of the sleep deprivation period Ss 
suddenly rate themselves about as 
sleepy as the observers do. It would 
appear that up until the last few hours 
Ss denied being sleepy, presumably as 
an adjustment mechanism for main- 
taining wakefulness. Conceivably, 
this then generalized to fellow Ss. 
This interpretation is supported by 
the fact that self-ratings of sleepiness 
have the lowest correlations with 
other ratings and with hours of sleep 
deprivation. 


SUMMARY 


Body temperature measures as well as ratings 
of sleepiness and fatigue were obtained from 15 
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Ss during 98 hr. of sleep deprivation. Observers 
also rated the Ss. Body temperature showed a 
persisting diurnal variation but also showed an 
over-all decrease with hours of sleep deprivation. 
Self-ratings of sleepiness and fatigue, and sleepi- 
ness ratings by fellow Ss and observers, were 
positively intercorrelated as well as positively 
correlated with increasing hours of sleep loss. 
The four ratings and body temperature were in- 
versely correlated even when hours of sleep dep- 
rivation were partialed out. The Ss tended to 
rate themselves as less sleepy than the observers 
did, which was interpreted as an adjustment 
mechanism. It was concluded that the results 
support Kleitman’s hypothesis that reports of 
sleepiness are inversely related to body tempera- 
ture. 
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The purpose of this study is to 
investigate the relationship between 
drive level and the slope of the 
generalization function. Miller (4) 
has suggested that an increase in drive 
will raise the over-all height of the 
generalization gradient. Both Brown 
(1) and Rosenbaum (5) have reported 
a tendency for the generalization 
function to be flattened under condi- 
tions of high drive. Brown's study 
was concerned with spatial general- 
ization, and Rosenbaum's with tem- 
poral generalization. Both used rats. 
The present study used pigeons, size 
generalization, a wide range of stimuli, 
and extremes of drive level. 


METHOD 


Two experiments were conducted with food- 
deprived pigeons as Ss. Drive was defined in 
percentage of satiated body weight. In Exp. I, 
six birds were divided into a high-drive group of 
three Ss at 70% and a low-drive group of three 
Ss at 80% of body weight. All six birds were 
subjected to some preconditioning treatments 
for other purposes (6). In Exp. II, eight birds 
(not given preconditioning treatment) were 
thoroughly stabilized at 70% of body weight and 
another eight at 90%. In both investigations, 
the birds were conditioned to perform thepecking 
response in the standard Skinner box for pigeons. 
After approximately 100 reinforced responses on 
a 100% basis, they were placed on a 12-min. 
aperiodic reinforcement (APR) schedule. 
Training continued until responding stabilized. 
This procedure required about two to three 
weeks with a 48-min. session per day. For 
more details, the reader is referred to a previous 
paper by Brush, Bush, Jenkins, John, and Whit- 
ing (2). 

During the conditioning and APR perform- 
ance, an illuminated spot, 1.4 cm. in diameter, 
was projected on the pecking window. The 
diameter of this spot was varied in the generaliza- 
tion tests. Six generalization stimuli were em- 

ployed with diameters of .2, .6, 1.0, 1.8, 2.2, and 
2.6 cm. These were coded, in order, —3, —2, 


—1, +1, +2, and +3, with the standard being 
designated 0, The seven stimuli (including the 
standard) were presented in a nonsystematic 
order for generalization testing in the following 
way. Ifa given S’s performance in the first 12 
min, of a session was close to his stabilized APR 
level, the food mechanism was disconnected and 
one of the seven stimuli was presented for a 12- 
min. extinction test. The standard training 
stimulus and the reinforcing stimulus were then 
reintroduced until responding stabilized after 
which another generalization test was conducted, 
Usually Ss were subjected to one test a day. 
Not more than two tests were conducted in any 
one day. The behavior of Ss in Exp. I was 
erratic, presumably due to their preconditioning 
treatment, and only one series of generalization 
tests could be obtained. Two series were com- 
pleted in Exp. II where behavior was quite 
consistent except for one S in the low-drive 
group whose performace was so variable its 
record had to be discarded. 

To cut down individual differences and to 
provide a meaningful figure for assessing the 
interaction of drive and generalization, a per- 
centage was used. It consisted of dividing re- 
sponses during the 12-min. test by the number in 
the preceding 12-min. APR performance interval 
and multiplying the resultant by 100. Thus if 
S responded 100 times in the first 12-min. APR 
interval and produced 90 reactions in the follow- 
ing l2-min. generalization test, its score was 
90%. This transformation was used for results 
with all seven stimuli including the standard. 


REsutts 


The data are summarized in Tables 
1 and 2, and Fig. 1. The tables 
present the S-by-S results for the two 
experiments. Because performance 
was so variable in Exp. I, the results 
for the four stimuli most similar to the 
standard have been lumped as have 
those for the two most remote stimuli. 
The findings are strikingly clear and 
consistent. Large generalization de- 
crement effects occurred for all six Ss. 
The focal effect is the drive differ- 
ential. As dissimilarity increases, 
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TABLE 1 


GENERALIZATION IN Exp, I As A FUNCTION oF 
Drive Lever IN PERCENTAGE TERMS 


Drive | SNo. CS | Sei | simuli 
28 125 75 16 
29 96 36 14 
SEM PRESA 94 | 42 0 
Mean 105 51 10 
25 87 55 36 
26 102 82 72 
High | 27 102 | 60 49 
Mean 97 66 52 


generalization is much greater for the 
high-drive condition than the low- 
drive condition. Where the stimuli 
are most dissimilar, the difference 
amounts to a factor of five with no 
overlap in the two sets of three figures. 

Analytical statistics are hardly re- 
quired in such data, but when applied 
yield high significance. For example, 


TABLE 2 


GENERALIZATION IN Exe. II as A FUNCTION oF 
Drive Leven IN PERCENTAGE TERMS 


Spot Sizes 
Drive | S No. 
-s|-s i| 42] 43 
1 |o1| 34 55 | 43 | 20. 
3 |01|52 32| 20 | 10 
4 |18|26 51| 65 | 39 
5 |01|08 33 | 21 | 55 
Low | 6 |02|24 46| 21 | 16 
7 |23| 46 53 | 48 | 51 
8 | 54] 38 58 | 41 | 32 
Mean| 15 | 32 100 | 49| 37| 32 
9 |23|s5 56 | 57 | 47 
10 |12|80 80 | 28 | 33 
11 |55|66 89 | 69 | 74 
12 | 48 | 80 82|51|74 
High| 13 |41|80 79|69 | 64 
14 | 13 | 21 90 | 79| 34| 19 
15 | 44] 71 | 104 | 112 | 117 | 85 | 80 
16 |53|99| 91| 105 | 83|80 | 71 
Mean | 36 | 73 | 87| 104 | 8359 | 58 
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STIMULUS: SPOT SIZE 


+2 +3 


Fic. 1. The relationship between generaliza- 
tion and deprivation in Exp. II. 


the F values associated with spot size, 
drive, and their interaction in Table 1 
produce probabilities well beyond the 
01 level. 

The results in Exp. II are very 
similar. As stimulus dissimilarity in- 
creases, behavior strength declines 
systematically. As a matter of fact 
there are only 16 reversals of the 90 
possible in Table 2 and a majority of 
them are less than 5%. The drive 
influence is marked, particularly on 
the most dissimilar stimuli (+2 and 
+3) where the distributions come 
very close to nonoverlapping.' Again, 
standard statistics support inspection 
by demonstrating the significant effect 
of drive, stimulus change, and their 
interaction. A slope constant was 
computed for each S and a t test was 
applied across drive levels. The re- 
sult was significant at the .003 level. 

Figure 1 shows, graphically, the 
results obtained in Exp. II. The 


1 One side matter is pointed up in Table 2and 
Fig. 1. Responding was consistently and ap- 
preciably greater to the largest generalized 
stimulus than to the smallest one. The differ- 
ence in percentage units is about 20 on the 
average and only 1 of the 15 Ss produced a re- 
versal. This finding may be related to Hull's 
concept of "stimulus dynamism" (3), but it 
should be kept in mind that pigeons are “visual” 
organisms and become immobile in the dark. 
The smallest spot size (—3) produced barely 
discriminable illumination to the human eye. 
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most obvious effect noted in Fig, 1 is 
that, although the two curves are 
similar to those usually obtained in 
generalization experiments, they are 
clearly spread apart as a function of 
difference in drive level. The high- 
drive Ss show an appreciably lesser 
degree of generalization decrement 
than the low-drive Ss. This finding 
has a direct bearing on the original 
hypothesis that the amount of dep- 
rivation is a major parameter of 
generalization; the greater the dep- 
rivation, the greater the general- 
ization. 


Discussion 


In an attempt to arrive at an hypoth- 
esis which might account for the results 
depicted in Fig. 1, the raw data of Exp. 
II were inspected. They showed prac- 
tically no overlap for the two drive 
conditions with no stimulus change. 
The average number of responses per 12 
min. during APR performance was 147 
for the low-drive group and 403 for the 
high-drive condition, indicating, as ex- 
pected, a greater response strength for 
the high-drive Ss. Drive seems to 
increase generalization by way of in- 
creasing response strength. 

To test this hypothesis, the three 
highest and the three lowest APR per- 
formers prior to generalization testing 
were selected from each drive group of 
Exp. II. An index of generalization 
decrement was obtained by taking the 
difference in percentage performance 
during generalization between the stand- 
ard training stimulus and the mean of 
the two most dissimilar stimuli. This 
method provides a crude but efficient 
estimate of the slope constant for each S. 
For the high-drive Ss the difference 
scores for the high performers were .50, 
.52, and .43; for the low performers of 
this condition they were .55, .79, and .74. 
The two sets of three events do not over- 
lap and a ¢ test yields a probability near 
the .01 level. For the low-drive group, 
the high responders produced values of 
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.86, .57, and .71 while the low reactors 
gave .96, 1.03, and .67. The probability 
against the hypothesis of a common 
population for these figures lies near the 
.10 level. 

It is clear, therefore, that greater 
response strength operates to flatten the 
generalization curve with constant drive 
level. The results show that drive level 
is a powerful parameter of generalization, 
but that within drive level, response 
strength is the determining factor which 


. accounts for the flattening effect on the 


generalization function. The general 
hypothesis emerges that variables, such 
as drive, which affect response strength 
have a corresponding influence on gen- 
eralization. 

These experiments have demonstrated 
that the slope of the generalization 
gradient varies with drive level. Gen- 
erality has been added to the findings by 
using different drive levels in the two 
investigations. When these findings are 
added to those of Brown (1) and Rosen- 
baum (5), the principle seems well 
established that deprivation has a marked 
effect on generalization. 


Summary 


Two experiments were conducted on the effect 
of deprivation on generalization, Two groups 
of pigeons, one at high drive and one at low, 
were conditioned to a stable response state under 
aperiodic reinforcement conditions. General- 
ization tests were then conducted in which the 
size of the illuminated spot on the pecking win- 
dow was varied. A direct relationship was found 
between drive and the slope of the generalization 
function. 
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GRADIENTS IN RESPONSE PERCENTAGES AS 
INDICES OF NONSPATIAL GENERALIZATION ! 


BETTINA BASS? 
State University of Iowa 


Stimulus generalization, the elicita- 
tion of a response by cues resembling 
the conditioned stimulus, has been 
observed in a variety of experimental 
situations. The paradigm of clas- 
sical conditioning has been used by 
some investigators (e.g., 4, 6, 9) in 
studies of this phenomenon, whereas 
others (5, 8) have investigated the 
generalization of instrumentally con- 
ditioned responses. Instances of the 
transfer of voluntary responses have 
also been reported. For example, the 
generalization of a voluntary verbal 
response along a tactual dimension 
has been described by Gibson (3), 
while Brown, Bilodeau, and Baron (1) 
have observed generalized voluntary 
manual responses to visual stimuli. 


More recently, Brown, Clarke, and Stein (2) 
have found indications of generalization in a 
situation which involved verbal responses to 
visual cues, Their Ss were told that the experi- 
ment concerned betting accuracy during a series 
of simulated horse races. Seven identical light 
bulbs, spaced at equal intervals in a semicircle 
in front of S, represented seven horses. The 
temporary lighting of one of the bulbs meant 
that the racer it symbolized was running a race 
against horses not represented by bulbs. Each 
horse ran 30 races interspersed among the con- 
tests of the others. For each race, S predicted 
whether the horse represented by the lighted 
bulb would win or lose, He was then informed 
of the outcome of that race before the next hy- 
pothetical contest was signaled. The horse 
symbolized by the center light won a predeter- 
mined 80% of its races and the other six horses 
won 20% of theirs. 


1 This article is based on a Master's thesis 
submitted to the Graduate College of the State 
University of Iowa. The writer is indebted to 
Judson S. Brown for his direction of the research 
and for his assistance in the preparation of this 
manuscript. 

2 Now at Skidmore College. 


The results suggested that the strong tend- 
ency to bet “win” which had become associated 
with the 80% winner generalized to neighboring 
contestants since the 20% winners closer to the 
80% winner evoked significantly more win bets 
than the more distant 20% winners. 


The present experiment was con- 
ducted to determine whether a simi- 
lar generalization-like effect would be 
obtained if all stimuli were presented 
at the same location and differed only 
in some characteristic independent of 
spatiality. The characteristic se- 
lected was grayness. 


PROCEDURE 


The spatially undifferentiated stimuli were 
four silhouettes of a running horse ridden by a 
jockey. They differed from each other only in 
degree of grayness. These silhouettes were on 
2 X Lin. slides and were projected one after 
another onto a white cardboard screen in a black- 
painted, minimally illuminated room. "The ap- 
proximate size of the racers can be estimated 
from the fact that a rectangle 19 in. long and 14 
in. high would enclose the projected figures. As 
measured by a Macbeth-Ansco Color Densitom- 
eter, Model 12, the densities of the silhouettes 
on the slides were 2.09 (almost black), .95 (a 
dark gray), .51 (a medium gray), and .30 (a 
light gray). These densities are roughly equi- 
distant on a log scale. The background density 
for all slides was .14. 

The brief projection of the silhouette of a 
racer signified a race. After it was over, S bet 
whether the horse represented by the projected 
silhouette won or lost and then Æ told S the out- 
come of the race. The Ss were also told they 
could maximize the accuracy of their predictions 
by noting how often each horse won. 

Each horse raced 40 times. One of eight 
prearranged serial sequences of slides was used 
for each S. Each sequence was composed of 
eight blocks of 20 slide presentations, but for each 
sequence the eight blocks were in a different 
random order. The succession of slides within 
a block was random except that (a) each slide 
appeared five times, (5) none appeared more than 
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twice consecutively, and (c) each one appeared 
either two or three times in the first half of the 
block. 

Within each block, one horse won four of its 
five races (80%), and the other three racers 
each won twice (40%). For one group of Ss, 
Group B, the 80% winner was the blackest 
horse. For a second group of Ss, Group LG, 
the lightest gray horse won 80% of its races. 
For each group the particular races won by each 
horse were randomly determined. 

Since the betting behavior of primary interest 
was that which took place after S had had some 
experience with the actual win-lose frequencies 
associated with the racers, the first 10 races of 
each horse were delegated an informative func- 
tion only and were ignored in obtaining the cri- 
terion measures. The criterion measure was the 
number of win bets placed on each horse during 
the last 30 of its 40 races. 

The Ss, 64 students enrolled in undergraduate 
psychology courses at the State University of 
Towa, were randomly divided between Groups B 
and LG. Each of the eight serial sequences of 
slides was used with four randomly selected Ss 
from each of these two groups. 

Prior to the betting session Ss were required 
to identify correctly the racer shown on each of 
12 additional slide presentations. The four 
racers appeared three times each somewhere 
within this series. If an S made any mistakes 
on his first 12 trials, a different order of the 
slides was used to give him a second (and if 
necessary, a third) chance to satisfy this criterion 
of successful discrimination. In this period as 
well as in the betting session each slide presenta- 
tion lasted 2 sec. and the average interpresenta- 
tion interval was approximately 10 sec. Four 
Ss who failed in this task were discarded along 
with two others who were uncooperative. 
Thirty-seven Ss met the criterion on their first 
try, 20 on their second, and 7 on their third. 


Resutts AND DISCUSSION 


The percentages of win bets placed 
on each horse during its last 30 races 
are plotted in Fig. 1. On the abscissa 
are shown the densities of the silhou- 
ettes of the racers to which the per- 
centages correspond. When the data 
for Groups B and LG were combined, 
the mean percentage of win responses 
for the two 80% winners was 80.1. 
The mean percentages for the horses 
whose darkness values differed in- 
creasingly from those of the 80% 
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Fic. 1. Mean percentages of win responses 
made by Groups B and LG during the last 30 
presentations of each stimulus. 


winners were 54.7, 47.8, and 40.2, 
respectively. Clearly, the 8095 win- 
ner elicited more win responses than 
the other three racers, and, as dark- 
ness differences between the 80% win- 
ner and the other racers increased, 
the proportion of win responses 
elicited by them declined. The re- 
sults are thus comparable to those of 
Brown, Clarke, and Stein (2). 

The finding that the 80% racers 
elicited more win bets than the others 
is not, of course, indicative of general- 
ization. The generalization data con- 
sist of the betting differences attend- 
ing the 40% racers. Accordingly, the 
win frequencies for the 40% winners 
only were evaluated by the analysis 
of variance (Lindquist Type III, 
[7] summarized in Table 1. The 
diferences in the mean number of win 
responses elicited by these racers, 
when grouped according to the num- 
ber of steps in density removing them 
from the favored racer, were signifi- 
cant (P <.001). Further analysis 
showed that this treatment effect was 
significant in both Group B (P < 01) 
and Group LG (P < .02). 
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TABLE 1 
Summary OF Anatysts or VARIANCE 


Source df MS F 
Between-S 63 
80% winner (W) 1 | 218.88 | 10.05* 
Sequence (S) 7 20.20 
WXS íi 17.92 
Error (b) 48 21.77 
Within-S 128 
Treatment (T) 2 | 302.08 | 9.85** 
TXW 2 494 
TXS 14 39.14 | 1.28 
TXWXS 14 | 1771 
Error (w) 96 30.67 
Total 191 
* P = 005. 
** P = 001. 


During the initial portion of the 
betting session Ss displayed a preference 
to bet "win" when shown the black 
horse. This preference might have con- 
tributed to the significant difference 
(P < .005) between Groups B and LG. 
No initial preference to bet “win” at- 
tended the light gray horse. The initial 
betting-behavior data also revealed that 
in Group B, no gradient or monotonic 
trend among the three 40% winners was 
present at the start of the experiment. 
Group LG exhibited a slight initial 
gradient among the 40% racers, but its 
slope was opposite to that of the final 
gradient shown in Fig. 1. It may be 
concluded that neither of the two final 
gradients can be accounted for solely in 
terms of initial response tendencies. A 
more tenable conclusion seems to be that 
the strong tendencies to say “win” to the 
black horse in Group B and to say “win” 
to the lightest gray horse in Group LG 
generalized to the 40% racers as a func- 
tion of their distance on the grayness 
scale from the favored racer. 

Although information was furnished 
during the experiment that all six 40% 
winners won 40% of the time, five of 
these six mean percentages exceeded 40% 
(see Fig. 1). Generalization of the 
dominant win response associated with 
the 80% winner could easily account for 
this finding. However, it can be ex- 
plained more simply in terms of initial 
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response tendencies since the six per- 
centages elicited by these racers on their 
very first race were greater than 40%. 


SUMMARY 


Previous research indicates that generaliza- 
tion-like effects can be obtained in a betting situ- 
ation involving stimuli identical except for their 
spatial location. The present experiment was 
conducted to determine whether a comparable 
effect would beobtained with spatially undifferen- 
tiated but distinctive cues. 

College students were asked to predict the 
outcomes of a series of simulated horse races. 
The stimuli were four silhouettes of a racer 
differing only in degree of grayness. A race was 
represented by a brief projection of one of the 
silhouettes on a screen. The Ss guessed after 
each race whether the horse represented by the 
projected silhouette won or lost. After each bet 
E told S the outcome of that race. Each horse 
raced 40 times. Three horses won 40% of their 
races, and a fourth horse won 80%. For one 
group of Ss, the 80% winner was the darkest 
gray horse, while for the other group, it was the 
lightest gray racer. 

The mean percentages of win bets placed on 
each horse during its last 30 races were computed 
separately for the two groups. In each group a 
direct monotonic relationship was obtained be- 
tween the number of win responses evoked by a 
40% winner and its closeness in darkness value 
to the 80% winner. These empirical gradients 
of response frequency were interpreted as re- 
flecting the presence of generalized reactive 
tendencies. 
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EFFECTS OF PREVIOUS EXPERIENCE AND INFORMATION 
ON PERFORMANCE ON A WORD-FORMATION PROBLEM ! 


WILLIAM F. BATTIG 
University of Virginia 


Word formation is a type of verbal 
problem in which Ss identify words 
by naming the letters of the alphabet 
contained in them, the object being 
to identify the word by naming as 
few letters as possible. Performance 
on this task has been shown to be 
highly dependent on the specific 
letters contained in the word (1). 
Subjects would typically guess letters 
in a relatively consistent order from 
word to word, so that words contain- 
ing primarily letters usually guessed 
early in the sequence were more easily 
solved. Despite considerable individ- 
ual variation, a correlation of .82 
was obtained between actual average 
performance on the various words and 
that predicted on the basis of the 
average letter-guessing order for the 

group. Furthermore, no significant 
improvement or other change in per- 
formance resulted from practice on 
the task. Since an optimal letter- 
guessing sequence was rarely if ever 
adopted, this insensitivity to change 
"with practice is somewhat surprising. 
Evidently the experimental conditions 
made it difficult to compare the 
relative efficiency of various possible 
letter-guessing sequences, with the 
result that systematic changes failed 
to develop. 

'The present study was undertaken 
to further examine the nature and 
stability of letter-guessing sequences 
in the word-formation problem by 
introducing conditions into the situa- 
tion designed to modify these se- 


l'This research was done in part while the 
author was a post-doctoral fellow of the National 
Science Foundation at Stanford University, 


quences. One such factor was ex- 
perience with words containing sev- 
eral uncommon letters. One group 
solved only words consisting primarily 
of the most commonly used letters of 
the alphabet, and was compared with 
two groups given varying numbers of 
words containing several uncommon 
letters. Also investigated was the 
effect of providing information about 
the relative frequency with which 
letters of the alphabet are used in the 
English language. 


METHOD 


The word-formation problem has been de- 
scribed previously (1). Initially, S is told only 
how many letters are in the word to be identified. 
Each time a letter is guessed, S is told if this 
letter is in the word or not, and if so, its position 
in the word (first letter, second letter, etc.). 
The object is to identify the word by naming as 
few letters as possible, the number and order of 
guesses being recorded by Æ. The original pro- 
cedure was modified by providing knowledge of 
results after each word and allowing S to guess at 
the word at any time. If the word was correctly 
identified before all letters had been named, the 
reported score was only the number actually 
guessed up to that point. Any letters not actu- 
ally guessed were added to the scores prior to 
analysis to permit comparison with previous 
results, 

Subjects were 96 introductory psychology 
students at Stanford University, all of whom 
solved a total of 20 six-letter words. "These are 
presented in Table 1. Two distinct types of 
words are included, differing in the letters they 
contain, Words of one set (common) include 
no more than one of the 13 infrequently guessed 
letters FGHJKPQUVWXYZ. Incon- 
trast, each word of the second set (uncommon) 
contains a minimum of three of these uncommon 
letters, The first five words (pretest) and last 
five (posttest) were identical for all Ss, and all 
met the criteria of the common set. The middle 
10 words (6 through 15) differed for three groups. 
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Group 0 had no words from the uncommon set, 
and solved the 10 words from the common set as 
words 6-15. Group 10 solved the 10 words of 
the uncommon set, while a third group, Group 5, 
solved five words from each set as indicated in 
Table 1. Words of both sets were approximately 
matched with respect to frequency of usage, as 
well as number of vowels and vowel-consonant 
structure. All words were relatively common, 
occurring at least 11 times per million words 
according to the Thorndike-Lorge count (6). 

Information was varied by providing half of 
each group with a worksheet on which letters of 
the alphabet were listed in order of frequency of 
usage (5). The remaining Ss used similar work- 
sheets, but the letters were listed in alphabetical 
order. 

Half of each subgroup was scored in terms of 
time to solution as in the previous study, while 
the other half was told that time was unimpor- 
tant, and no record of time was kept. 

To summarize, a 3 X 2 X 2 factorial design 
was used with 12 groups of 8 Ss each. Three 
levels of experience on words with uncommon 
letters were included, along with two types of 
frequency information, and two timing condi- 
tions. 

After the experiment, all Ss were questioned 
to determine whether the differences between 
the common and uncommon sets of words had 
been noted. In the course of questioning, the 
possibility of differences in letter structure was 
suggested, and Ss were permitted to actually 
look at the words on their worksheets. 


RrsurrTS 


In addition to the basic trials score 
(number of letters guessed for each 
word), a recognition score was ob- 
tained, consisting of the number of 
letters in the word which had not 
actually been guessed when correct 
identification was made. Analysis of 
letter-guessing sequences was based 
on a letter preference score, computed 
by assigning a score of 25 to the first 
letter guessed for each word, 24 to the 
second, etc., so that if all letters were 
named before a word was solved, the 
last letter had a score of zero. Any 
letter not guessed for a particular 
word was also given a score of zero. 
Therefore, the magnitude of the letter 
preference score reflects the likelihood 
of the letter being guessed early in the 
sequence. 

Group means for each measure are 
presented in Table 2. Application of 
Bartlett’s test (2) showed no signifi- 
cant departure from homogeneity of 
variance. ‘Therefore, all measures 
were analyzed by means of a triple 


TABLE 1 


Mean Tears Score rox Each Worp Usep 


Pretest Common Set 
IE T D n Lei PEE T 
M 
No. Word Mean (M eR, Word Mess ANS. Word MD 
1 D 13.00 6 Source 12.94 | 6* | Upward | 16.64 
2 nho. 13.88 7 Maiden 2.13 7* Voyage 19.22 
3 Modest 12.03 g* Costly 14.11 8 Punis| 1444 
4 Barley 15.14 9* Branch 14.77 9. Squeak 16.47 
5 Listen 11.76 10 Notice 9.88 10 is 18.81 
11 Shield 12.25 ns lague 14.59 
12* Impart 11.91 12 Worthy 16.75 
Posttest 13 Melody 12.72 13* Quiver 19.06 
14* Fasten 10.80 14 |' Knight 16.28 
16 Market 11.24 15* Tailor 9.84 | 15 Figure 1422 
17 Signal 12.41 
18 Credit 11.10 
19 Throne 11.48 
20 Prison 10.96 
* Words given to Group 5. 
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TABLE 2 
Mean PERFORMANCE Measures 
Trials Recognition Daa 
Factor 
Pretest Posttest Pretest Posttest Posttest 
Experience 
roup 0 13.34 10.87 1.04 1.39 0.141 
Group 5 13.46 11.73 T3 1.34 0.169 
Group 10 12.68 11.71 1.23 1.29 0.177 
Information 
Frequency 12.61 11.03 1.12 1.37 0.154 
Nonfreq. 13.71 11.84 1.15 1.30 0.177 
Timing 
Timed 13,25 11.59 1,05 1.25 0.166 
Untimed 13.07 11.28 1.22 1.42 0.165 


classification analysis of variance, 
which included the variables of previ- 
ous experience, information, timing, 
and all interactions between them. 
Since in no case did an interaction 
approach significance, the results for 
the three main variables will be pre- 
sented and discussed separately. 
Previous experience—Of primary 
interest with respect to the experience 
variable is a comparison of Groups 0, 
5, and 10 on the five posttest words. 
If experience with words of the un- 
common set increases the tendency to 
guess uncommon letters, poorer post- 
test performance should result, where 
these letters rarely occur. Although 
Table 2 shows that the Group 0 post- 
test trials mean was below Groups 
5 and 10, the difference was not 
significant (F = 2.03, 2 and 84 df). 
However, since pretest words were 
identical for all groups, it was possible 
to adjust for differences in initial 
ability, thereby eliminating posttest 
variability attributable to such differ- 
ences. The difference between the 
pretest and posttest trials scores was 
therefore determined for each S, and 
subjected to an identical analysis. 
These differed significantly for the 


three groups (F = 4.19, 2 and 84 df), 
closely approximating a straight line 
relationship with progressively smaller 
pre-posttest differences from Group 0 
to Group 10. Application of Grant’s 
extended trend test (3) showed that 
over 99% of the between-group vari- 
ance was accounted for by the linear 
component of the function (F = 8.37, 
1 and 84 df). 

Analysis of the recognition score 
yielded similar results. Although 
Group 0 was slightly superior to the 
other groups on the posttest, this was 
nonsignificant (F <1). However, 
analysis of the pre-posttest difference 
scores showed a significant group 
difference (F = 3.82, 2 and 84 df). 
This relationship is also linear as 
shown by the highly significant linear 
component emerging from the trend 
analysis (F = 7.65, 1 and 84 df). 
Experience with words from the un- 
common set not only adversely af- 
fected the posttest trials score, but 
also led to an impairment in ability to 
recognize the posttest words when 
only a few letters were known. 

The letter preference scores were 
used to compare groups with respect 
to letter-guessing sequences. When 
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each letter was considered individ- 
ually, no significant difference in 
pattern of letter preference scores was 
found, and marked individual varia- 
tion was shown. However, this is an 
insensitive test of the effect of experi- 
ence with words of the uncommon set 
on letter-guessing sequences. To pro- 
vide a better test, the proportion of 
the total letter preference scores 
accounted for by the 13 infrequently 
guessed letters stressed in the un- 
common set (LPS proportion) was 
determined for each S on the posttest 
words. These means are presented 
in the last column of Table 2, and 
show an increased tendency to guess 
uncommon letters with increased ex- 
perience with words containing these 
letters. These differences are signifi- 
cant (F = 4.84, 2 and 84 df), and the 
linearity of the relationship is shown 
by the highly significant linear com- 
ponent (F = 9.52, 1 and 84 df) which 
again accounts for all but a small 
fraction of the between-group vari- 
ance. It is apparent that group 
differences in performance are asso- 
ciated with differential tendencies to 
guess infrequently used letters, result- 
ing from experience with words con- 
taining these letters. 
Information.—Subjects given in- 
formation about the relative frequency 
with which letters are used in the 
English language displayed signifi- 
cantly superior performance on both 
pretest (F = 7.16) and posttest 
(F = 4.10) words, both with 1 and 
84 df. No significant effect of in- 
formation was found in the pre-post- 
test difference trial scores, indicating 
that the effect is present initially, and 
is not appreciably changed by prac- 
tice. The information variable did 
not significantly affect performance 
on Words 6-15 (F = 1.19), and no 
significant difference was obtained for 


either pretest or posttest recognition 
measures, 

The letter preference scores showed 
a significant effect of frequency- in- 
formation. Analysis of variance of 
the letter preference scores for indi- 
vidual letters revealed a significant 
information by letters interaction 
(F = 4.88, 25 and 2100 df). An 
adaptation of the trend test (3) was 
used to further analyze this interac- 
tion, by comparing trends for the two 
information conditions when ordered 
both alphabetically and in terms of 
frequency of usage. The group given 
frequency information showed a sig- 
nificantly lower slope for alphabetical 
order (F = 4.16, 1 and 2100 df), and 
a higher slope for frequency ordering 
(F = 25.82), indicating a greater cor- 
respondence of letter-guessing se- 
quences to the order of frequency of 
usage for Ss given this information, 
and a closer correspondence to alpha- 
betical order for Ss not given this 
information. However, the difference 
between the two information condi- 
tions in LPS proportion scores is of 
only borderline significance (F = 3.92, 
3.96 required for .05 level with 1 and 
84 df). This contrasts with the re- 
sults with the experience variable, but 
provides evidence for the independ- 
ence of the two variables in their 
effects on letter-guessing sequences. 

Timing.—Whether or not Ss were 
timed had little if any effect on per- 
formance. Untimed Ss were slightly 
superior to timed Ss on most measures, 
but this was significant in only one 
case. The untimed group had a 
higher recognition score, significant on 
the pretest words (F = 8.29, 1 and 84 
df), but not on the posttest (F = 2.21). 
This suggests that in the initial stages, 
timing leads to reduced success in 
identifying the word when more than 
one letter is still unknown. 
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Word differences.—Sizeable differ- 
ences between the common and un- 
common sets were found, as shown by 
the mean trials scores presented in 
Table 1. With one exception, all 
words of the common set have lower 
means than any word of the uncom- 
mon set, while only one of the pretest 
and posttest words overlaps with the 
uncommon set. In addition, highly 
significant differences (F = 89.19) 
were found between the mean trials 
scores for Groups 0, 5, and 10 on 
Words 6-15. Recognition scores were 
also found to differ significantly, being 
lower for words of the uncommon set 
(F = 4,58, 2 and 84 df). 

The post-experimental questioning 
showed little if any recognition of the 
difference between the common and 
uncommon sets. Only 4 of the 32 Ss 
in Group 10, where these differences 
were most apparent, gave any in- 
dication of having noticed such a dif- 


ference. These Ss showed a slightly 
| greater tendency to guess uncommon 


letters on the posttest, as measured by 
the LPS proportion scores, but not 
enough to account for the observed 
effects. 


Discussion 


It can be concluded from the present 
study that performance on the word- 
formation problem is affected both by 
experience with words containing un- 
common letters and information about 
frequency of letter usage. Furthermore, 
both variables produced changes in the 
letter-guessing order. This supports the 
conclusion of the previous study (1) that 
the primary determinant of word-forma- 
tion performance is the degree to which 
letters in the word are guessed early in 
the sequence. However, these sequences 
were shown to be modifiable in the 
present study. The resulting perform- 
ance changes are small in magnitude, 
but the variation in experience given 
Groups 0, 5, and 10 was limited, and it 
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is likely that more extensive variation 
would lead to more sizeable effects. 

The effect of the experience variable 
can be readily interpreted within a rein- 
forcement framework. Solution of 
words containing uncommon letters pre- 
sumably reinforces the guessing of such 
letters, with a resultant increase in the 
probability of guessing uncommon letters 
on subsequent words. The process in- 
volved here appears similar to that 
involved in studies of “verbal condition- 
ing," as is further suggested by the 


. inability of most Ss to distinguish be- 


tween the common and uncommon sets 
of words. This corresponds to the 
“learning without awareness" character- 
istic of many verbal conditioning studies 
(e.g, 4). Although the post-experi- 
mental questioning was relatively direct, 
the role of awareness was not a con- 
sideration in this study, and the adequacy 
of the measure of awareness is ques- 
tionable. 

The significant effect of experience on 
the recognition scores indicates that 
shifts in letter-guessing sequences are 
not the only factor leading to perform- 
ance changes. This is a measure of 
ability to recognize words when several 
letters are still unknown, which ap- 
parently depends on what the letters are. 
The finding that recognition scores are 
lower for the uncommon set of words 
indicates that recognition is easier if the 
missing letters are common ones. 


Summary 


Performance on a word-formation problem, 
in which Ss identify words by naming the letters 
of the alphabet contained in them, was investi- 
gated under conditions designed to modify the 
order in which the letters were guessed. In- 
creased experience with words containing uncom- 
mon letters led to an increased tendency to guess 
such letters, and a subsequent decrement in per- 
formance on words with common letters. In- 
formation about the relative frequency of letter 
usage led to superior performance with letter- 
guessing sequences corresponding more closely 
to frequency order. The results support previ- 
ous evidence that performance on this task is 
highly dependent on the letters constituting the 
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word, and their relationship to S’s typical letter- 
guessing sequence. 
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It has long been held (6, Ch. 4) 
that Ss can take advantage of redun- 
dant elements in sequential tasks by 
changing their method of responding. 
| In such tasks proprioceptive stimula- 
tion associated with one response may 
come to elicit the next response in the 
sequence so that S becomes less de- 
pendent upon exteroceptive cues. 
This presumed gradual change from 
exteroceptive to proprioceptive con- 
trol during prolonged practice of re- 
petitive tasks has been labeled **auto- 
matization” (9, p. 27). Frequently 
such a sequential conditioning process 
has been assumed (10), but has rarely 
been investigated in the laboratory. 
No operations are known which would 
define the process, and none of the 
conventionally used indicants of learn- 
ing will allow us to infer it. 

Recently, particularly since in- 
formation theory has made it possible 
| to quantify the degree of redundancy 
| in sequential tasks, human ability to 
deal with redundant aspects of the 
environment has become a matter of 
considerable research interest. Re- 
dundancy of perceptual, motor, and 
language activities has been measured 
(1, 8), and the ability of Ss to detect 
the presence of redundancy has also 
been investigated (3). 

The present study attempts to re- 
late the degree of redundancy of a 
task to the degree of automatization, 
or proprioceptive control, that can be 


1 This research was supported by a grant from 
the National Science Foundation to Ohio 
Wesleyan University. 
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AUTOMATIZATION 1? 
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reached during extended, practice, 
and it attempts to infer the presence 
of this type of control through per- 
formance in a time-sharing situation. 
Specifically, Ss are given prolonged 
training on one of four versions of a 
serial reaction task to light stimuli. 
The task versions differ in degree of 
redundancy of the stimulus sequence. 
At three stages of training, a second, 
auditory reaction task is added and 
Ss are required to perform the two 
tasks concurrently. Interference 
effects due to the time-sharing re- 
quirement are determined and are 
related to the redundancy of the visual 
task. The usefulness of a time-shar- 
ing situation in this context was estab- 
lished in an earlier study (2) in which 
combined performance on two tasks 
was observed for a random and a 
repetitive version of one of the tasks. 
However, redundancy of the tasks was 
not quantified and no functional rela- 
tions between the variables could be 
established. 


METHOD 
Visual Task 


The principal pieces of apparatus were a 
stimulus panel, a response panel, and a program- 
ming unit. The stimulus panel consisted of four 
6-v. lights spaced horizontally at a distance of 
1.75 in., with a fifth, knowledge-of-results light, 
placed midway between the second and third 
light and 3 in. above them. The panel was 
mounted at eye level at a distance of 30 in. facing 
the seated S. The response panel consisted of 
four telegraph keys spaced at .75-in. intervals, 
mounted horizontally in a convenient position 
for four fingers of S’s right hand, not including 
the thumb. The four response keys corre- 
sponded to the four stimulus lights on a simple 
spatial basis, so that the key at the extreme left 
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was appropriate to the light at the extreme left, 
and so forth. 

The programming unit consisted of a rotary 
stepping switch with 103 positions, and seven 
poles for each position. Each position of the 
rotary stepping switch could be connected with 
any of the four lights on the stimulus panel by 
means of leads provided with alligator clips. 
Thus, it was possible to program any sequence 
among the four stimulus lights, which would not 
repeat until 103 stimuli had occurred. The 
stepping switch rotated continuously at a rate 
of 1 rpm, so that each stimulus was present for 
about .58 sec. If one of the response keys was 
depressed during an interval in which the corre- 
sponding stimulus light was present, a hit was 
registered on one of four corresponding counters, 
and the knowledge-of-results light was lit indicat- 
ing a hit. Four versions of this task were used: 

Repetitive version (RP).—The sequence of 
lights presented was repeated in an identical 
pattern after every fourth stimulus. Number- 
ing the lights from left to right, 1 through 4, the 
pattern used was 1, 3, 2, 4, 1, 3, 2, 4, - - . - A 
trial consisted of 100 stimuli, i.e., the sequence 
repeated 25 times. The Ss were instructed to 
press the key corresponding to the light which 
appeared as quickly as possible with the appro- 
priate finger of the right hand. The Ss were 
told that the knowledge-of-results light on the 
stimulus panel would appear each time they 
registered a hit. 

High redundant version (HR).—All four of the 
lights occurred with equal frequency (25 times), 
but 4 digrams (1-3, 3-2, 2-4, and 41) each 
occurred 16 times, and the remaining 12 di- 
grams each occurred 2 or 3 times. Within these 
constraints, trigram frequencies were randomized. 

Low redundant version (LR).—All four of the 
lights occurred with equal frequency (25 times). 
The 4 digrams (1-3, 3-2, 2-4, and 4-1) each 
occurred 10 times and the remaining 12 digrams 
each occurred 4 or 5 times. Within these con- 
straints, trigram frequencies were randomized. 

Random version (RA).—Monogram and di- 
gram frequencies were arranged to occur with 
approximately equal frequency so that each light 
appeared 25 times and each digram occurred 6 
or 7 times. Within these constraints, the se- 
quence was randomized. 

The maximum entropy per symbol for all 
four task versions was 2 bits, whereas the actual 
entropy was 0, 1.74, 1.96, and 2 bits; thus, the 
relative redundancy (R =1— Hactuat/ ‘Hmazimum) 
values were 100%, 13%, 2%, and 0% for the RP, 
HR, LR, and RA task versions, respectively. 


Auditory Task 


The principal pieces of apparatus were à 78- 
rpm phonograph, an amplifier and noise genera- 


tor unit, earphones, a voice key, an Esterline- 
Angus recorder, and a response panel consisting 
of five telegraph keys mounted in a convenient 
position for S’s left hand. At irregularly spaced 
intervals ranging between .5 sec. and 4 sec., S 
heard numbers over the earphones. The num- 
bers 1 through 5 were used. The sequence was 
randomized within the constraint that each num- 
ber occurred three times for a total of 15 stimuli 
presented over a period of 46sec. Four different 
random sequences were recorded on phonograph 
records. The intervals between stimuli were 
filled with white noise produced by an electronic 
noise generator. The noise was conducted 
through the earphones and was interrupted 
whenever a number stimulus occurred. The 
interruption was accomplished by means of a 
voice key activated by the amplified sound of 
the number from the phonograph record. The 
voice key was also used to mark the occurrence 
of the stimulus on the Esterline-Angus recorder. 
The S's task consisted of responding to each 
number read over the earphones by depressing 
with the fingers of the left hand as quickly as 
possible the telegraph key which corresponded 
to that number. The keys were numbered 1 
through 5 from left to right. Separate channels 
of the Esterline-Angus recorder were used to 
mark the occurrence of stimuli, and to record. 
responses by each of the five fingers. ‘This made 
it possible to score reaction time as well as errors, 


Subjects 


Forty male and female student volunteers 
from elementary and experimental psychology 
classes at Ohio Wesleyan University were divided 
by means of a table of random numbers into four 
groups of 10 Ss each, and each group was assigned 
to one of the four visual task versions. 


Procedure 


During the first experimental session all Ss 
received 10 trials on the version of the visual 
task appropriate to their group. Each trial 
consisted of 100 stimuli, and after each trial Ss 
were informed of the total number of hits scored. 
A rest period of 1 min. occurred between trials. 
The second session (Trials 11-20) was conducted 
exactly like the first one. Before the third ses- 
sion all Ss were instructed in the auditory task 
and were told that they would be scored on both 
the visual and auditory tasks, which were to be 
considered equally important. The third session 
consisted of four time-shared trials on the visual 
and auditory tasks. The particular sequence of 
auditory stimuli was changed on each trial by a 
change of phonograph records. Within each 
trial the two tasks were synchronized in such a 
way that the first auditory stimulus occurred 
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Practice Sessions 


Fic. 1. 


after 7 sec. of performance on the visual task. 
Stimuli of both tasks continued concurrently 
for 46 sec., and during the last 6 sec. only visual 
stimuli occurred. 

After each trial of time-shared performance Ss 
were informed of the total number of hits scored 
on the visual task and of the number of correct 
responses on the auditory task. However, their 
reaction time to the auditory stimuli was not 
reported. In all, Ss received 25 training ses- 
sions. The visual task was used alone on Ses- 
sions 1-2, 4-13, and 15-24 with 10 trials per 
session. Tests under the time-sharing condition 
were administered on Sessions 3, 14, and 25, with 
four trials per session. These 25 training ses- 
sions were given over a period of six weeks, with 


Performance on the visual task. 


no more than one session per day and intervals 
no larger than three days between sessions. 


RzsurTS 


Figure 1 shows the performance of 
the groups on the visual task. It can 
be seen that all four groups reached a 
high proficiency level within 20 trials, 
and during the remainder of the 
experiment none of the group means 
fell below a level of 97 hits out of a 
possible 100 when the visual task was 
presented alone. No significant 
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TABLE 1 


AwALYsiS OF VARIANCE FOR THE VISUAL Task 
Durinc Towe-SHarep TRIALS 


Source of Variance af | MS F 
Task versions (T7) 3 | 4622.23 | 43.64** 
Ss within groups (Ss) 36} 105.10 
Training sessions (TS) 2| 744.29 | 70.15** 
TF x TS 6| 106.59 | 10.05** 
Pooled Ss X TS 72 10.61 
"Total 119 

* P « 0. 
differences among the groups are 


evident on trials where the visual 
task is practiced alone except at the 
very beginning of training. An analy- 
sis of variance for repeated measures 
was performed to test for group differ- 
ences on Sessions 2, 13, and 24 (the 
sessions just prior to the time-shared 
trials). The analysis indicates no 
significant differences (P > .05) be- 
tween groups, between training levels, 
or between combinations of groups 
and training levels. 

Large and highly significant group 
differences occurred in the visual 
task, however, on those trials during 
which time sharing was required. 
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Table 1 shows the results of a compar- 
able analysis applied to the data of 
Sessions 3, 14, and 25, It is apparent 
that the introduction of the auditory 
task caused interference effects which 
varied inversely with the redundancy 
of the visual task. The analysis 
further indicates that continued prac- 
tice on the visual task reduced sus- 
ceptibility to interference. However, 
inspection of Fig. 1 shows that inter- 
ference effects did not diminish greatly 
beyond Session 14. 

Performance on the auditory task 
was scored for cumulative reaction 
time, correct responses, and errors. 
Reaction time was cumulated for the 
first response to each stimulus regard- 
less of whether the response was cor- 
rect or not. If several responses were 
made to the same stimulus, each was 
scored as correct or error. If no re- | 
sponse occurred, a maximum reaction | 
time of 1 sec. was assumed and an 
error was scored. Table 2 shows 
mean performance per trial for Ses- 
sions 3, 14, and 25. Little improve- 
ment occurred, and analysis of vari- 
ance for repeated measures, carried on - 
separately for reaction time, errors, 


TABLE 2 


* Conmrcr Response (CR), Errors (ER), AND CUMULATIVE REACTION 
Time (RT) PER TRIAL FOR THE Auprrory Task 


Groups 
Sate RP HR IR RA 
CR ER RT CR ER RT CR ER RT CR ER RT 
ulus | 72 |82 |MA| $4 | 74 | 40) 57 68 |155| 90 | 7.0 
à spl is| 38 | 24 | 13| 48 | 27 | 13 | 32 2:9: AN ARQ E YA EE Ae 
m 141| 56 | 66 | 134].72 | 69 | 70 | 5.6 | 13.7 | 68 | 62 
i sD| 11] 38 | 28 | 14| 40 | 3.0 10] 31 | 28 | 14| 36 | 29 
M 143| 63 | 7.0 | 142) 72 | 73 | 41 74 | 68 | 112 | 72 | 63 
2d SD 13 | 43 | 30 | 11| 41 | 32 | 13 3.8 | 3.1 | 1.2] 40 | 28 
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and correct responses, indicates no 
significant differences (P > .05) be- 
tween groups or between sessions for 
any of the three scores. 


Discussion 


It is apparent that time sharing reveals 
aspects of learning of the visual task 
which cannot be observed when the 
visual task is performed alone. The 
interference effects produced by time 
sharing are an inverse function of re- 
dundancy of the visual task, and these 
effects can serve as an index of the degree 
of automatization, or the extent to which 
S is able to make use of redundancy and 
become independent of exteroceptive 
stimuli. 

Figure 2 shows the relation between 
redundancy and performance decrement 
due to time sharing. The data are for 
Session 25. It can be seen that Ss are 
able to make effective use of a relatively 
small amount of redundancy and that 
much larger amounts of redundancy 
produce comparatively little additional 
protection against interference. The 
nature of the function in Fig. 2 is de- 
termined in part by the sensitivity of the 
redundancy index to differential prob- 
ability of stimuli. Fisher (4, p. 221) 
shows in an analogous function that large 
probability differentials may have rela- 
tively minor effects upon entropy. It is 
apparent, however, that Ss can use such 
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Fic. 2. Performance decrement due to time 


sharing as a function of task redundancy. 


differentials and that time-sharing situa- 
tions can produce a sensitive index of 
this aspect of learning. The function in 
Fig. 2 may also vary with the informa- 
tional content of the stimuli of both 
tasks. The relatively low informational 
content of stimuli in the present task 
may increase $'s ability to take advan- 
tage of small amounts of redundancy. 
It is not possible to arrive at an 
accurate estimate of the information 
transmitted for the various versions of 
the visual task during the time-sharing 
trials. This would require knowledge 
of the error distribution which is not 
available. If it is assumed that errors 
are randomly distributed, then the in- 
formation transmitted is approximately 
2.4 bits/sec. for both the LR and HR 
task versions and only about 2.0 bits/sec. 
for the RA version. Since errors are 
usually not randomly distributed, the 
above are probably underestimates. 
The information transmitted for the 
auditory task was computed, and data 
for all three stages of practice were com- 
bined, since mean performance did not 
improve significantly. The estimates 
ranged from .6 to .7 bits/sec. for the four 
groups. The combined information 
transmitted on both tasks during the 
time-shared trials probably did not ex- 
ceed 3.1 bits/sec. for any group. This is 
somewhat lower than has been reported 
in other situations (5). However, the 
combined informational content of stim- 
uli from both tasks did not exceed 4.1 
bits/sec. forany group. The capacity to 
transmit information may also be re- 
duced because of the concurrent use of 
two sensory channels. This may be 
particularly true if similar responses are 
required to the two types of input, as was 
the case here. Substantial interference 
effects might be expected under such 
circumstances, and the data on both 
tasks suggest this. Results obtained by 
Klemmer (7), in another study of time 
sharing between auditory and visual 
channels, tend to confirm this. Klem- 
mer, who also used key-pressing responses 
for both tasks, found that forcing S to 
alternate regularly between the tasks at 
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arapid rate lowered his over-all perform- 
ance sharply. 


SUMMARY 


Concurrent performance of a visual and an 
auditory serial reaction task was measured at 
three stages of practice of the visual task, and 
for four versions of the visual task differing in 
degree of redundancy of the stimulus sequence. 
The degree of redundancy of the visual task had 
no effect upon performance when that task was 
practiced alone, all versions of the task being 
performed at an equally high level of profi- 
ciency, Itwas found that the interference effects 
due to time sharing of the two tasks varied 
inversely with the degree of redundancy of the 
visual task. Relatively small amounts of re- 
dundancy produced significant reductions of 
interference, and differences as a function of re- 
dundancy did not diminish with continued train- 
ing. 
The results support the hypothesis that re- 
dundancy of stimulus sequences permits a 
change from exteroceptive control of responses to 
proprioceptive control, and that performance in 
time-sharing situations provides a useful index 
of this process of automatization. 
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THE TEMPORAL FACTOR IN REWARD AND 
NONREWARD OF MONKEYS}! 


R. W. LEARY 
University of Oregon 


Although investigations (2, 8) of 
the discriminative behavior of mon- 
keys have disclosed that reward and 
nonreward are associated with dis- 
tinctly different acquisition functions, 
Harlow and Hicks (3) have suggested 
that the difference is one of perform- 
ance and not one of learning. "Their 
interpretation utilizes the concept of 
response-shift which can be defined as 
a greater tendency to vary choice 
following a rewarded selection than 
following a nonrewarded selection, 
and which seems to be regarded as an 
expression of an interfering motiva- 
tional factor such as curiosity or, 
possibly, reactive inhibition (2, 3). 
In advocating a uniprocess theory 
they posit that reward and nonreward 
Should yield identical intertrial delay 
functions. 

Previous work of the present author 
(4) has shown that an unchosen nega- 
tive object which accompanies a 
chosen positive object for several trials 
gains in attractiveness. This finding 
appears relevant to the response-shift 
phenomenon originally described by 
Harlow (2) in paired discrimination 
but is not applicable to the analogous 
effect discovered by Moss and Harlow 
(8), which is that when an object is 
presented alone for one or more trials 
and is then immediately paired with a 
new object for several trials Ss make 
fewer errors if the original object is 
consistently incorrect (nonrewarded) 
than if it is consistently correct (re- 


1 This research was supported in part by a 
grant (M-1664) from the National Institute of 
Mental Health of the National Institutes of 
Health, Public Health Service. 


warded). A modicum of evidence 
has been found that there are tem- 
poral changes in object attractiveness 
which may be functions of reward 
treatment (4, 6). 

The purpose of the present study 
was to explore the Moss-Harlow effect 
by use of a serial technique (5) which 
allowed concurrent experience of sev- 
eral conditions. This technique in- 
creases the time between successive 
trials with the same object (or pairs) 
to about 2 min., compared with 
perhaps 10 sec. in ordinary discrimi- 
nation, and also imposes intervening 
trials with other objects (or pairs). 
Tn addition to reward and nonreward 
conditions, an alternate-value condi- 
tion was used in order to test the effect 
of equal reward and nonreward ex- 
perience of the same object. Dis- 
crimination performance was secured 
both at a 2-min. interval (which was 
“immediate” in the context of the 
experiment) and after a delay of 24 
hours. 

METHOD 


The general method of serial presentation has 
been described elsewhere (5). The Wisconsin 
General Test Apparatus (1) and a large set of 
randomly paired multidimensional objects were 
used. 

Nine test-wise rhesus monkeys learned lists 
of nine single objects. In every list the objects 
were randomly assigned to three mutually exclu- 
sive reinforcement conditions, three objects to 


2 The term response-shift was originally used 
to designate a statistically described phenome- 
non in paired discrimination learning but was 
also directly identified with the Moss-Harlow 
effect (2). Itis regrettable that the term has 
now been adumbrated by identifying it with 
several effects (2, 7, 8) which are phenomenally 
different and may lack causal equivalence. 
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each condition. "These conditions were as fol- 
lows: Cond. R in which objects were consistently 
rewarded, Cond. NR in which objects were con- 
sistently nonrewarded, and Cond. AR in which 
reward and nonreward of each object were alter- 
nated during the training phase. Different 
nine-object lists were selected at each session for 
each S. Eight runs through each list constituted 
the training phase, no discrimination being re- 
quired. A 20-sec. rest was interposed between 
successive runs. 

The discrimination phase followed the train- 
ing phase immediately in four sessions and after 
24 hr. in four sessions. The sequence of the 
immediate and delayed sessions was balanced ac- 
cording to an ABBABBA schema. Discrimina- 
tion tests were conducted by pairing the previ- 
ously and singly presented objects of the training 
phase each with a new object and by presenting 
the nine pairs thus constituted on two successive 
runs. Only one object in each pair was re- 
warded: in both Cond. R and AR this was the 
previously presented object and in Cond. NR 
this was the new object. 


ReEsutts 


An analysis of variance performed 
on error scores revealed that re- 
inforcement condition was significant 
(P < .001), that time of test was not 
significant, but that their interaction 
was significant (P < .001). How- 
ever, since error scores were not 
normally distributed, low scores being 
relatively frequent, further analysis 
was carried out with Wilcoxon's non- 
parametric test for matched pairs. 


"a IMMEDIATE: DISCRIMINATION, 
Wl DELAYED DISCRIMINATION 
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Fic. 1. Errors in immediate and delayed 
discrimination tests for the three reinforcement 
conditions. 
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First-run errors.—The percentages 
of errors in the three reinforcement 
conditions are shown in Fig. 1. There 
was a striking difference in immediate 
discrimination where the comparison 
of Cond. R and NR yielded P = .05 
and where both comparisons involving 
Cond. AR yielded P < 01, At 24 
hr. no comparison produced a signifi- 
cant difference. There was below 
chance (less than 50%) selection of 
the alternate-value objects in the im- 
mediate tests (P = .02) but above 
chance (more than 50%) selection of 
these objects in the 24hr. tests 
(P = .05). 

Second-run — errors.—Scores were 
generally in the same relative direc- 
tion as in the first run, as can be seen 
in Fig. 1, but all comparisons lacked 
statistical significance except those 
involving Cond. AR. More errors 
occurred in this condition than in the 
other two conditions in both im- 
mediate and delayed discrimination 
tests (no P larger than .02) The 
negative quality of the alternate value 
object was clearly discernible in im- 
mediate tests where, despite the 
practice afforded by the first run, 
choices approximated chance. 

Error changes with time—The loss 
in accuracy of the first-run choices 
between immediate and 24-hr. tests 
was not statistically significant in 
Cond. R but was significant (P = .01) 
in Cond. NR. A gain in first-run 
accuracy was found in Cond. AR 
(P = 01). None of the changes in 
second-run scores were statistically 
significant. 


Discussion 


The results indicate that for test-wise 
rhesus monkeys different learning mech- 
anisms operate for positive and nega- 
tive objects in discrimination learning. 
The Moss-Harlow effect (8) was secured 
in the immediate retention tests: sig- 
nificantly more errors occurred in pairs 
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containing the positive objects than in 
those containing the negative objects. 
The fact that this effect occurs here under 
conditions involving a relatively long 
time interval and serial presentation 
militates against an explanation couched 
in terms of reactive inhibition and is 
neutral in respect to explanations based 
on curiosity or on an assumption of 
different primary processes. Attenua- 
tion of the error difference at the 24-hr. 
retention test gives an advantage to the 
latter hypothesis, for there is no im- 
mediately apparent reason why in- 
vestigatory tendency should dissipate 
while retention remains relatively un- 
affected. Clearly, the expectation of 
Harlow and Hicks (3) did not prevail. 

The results obtained with the alter- 
nate-value objects indicate differential 
effects for reward and nonreward. These 
objects which were given partial rein- 
forcement, a condition sometimes as- 
sociated with rapid positive learning, 
were chosen less often than chance in 
immediate tests and more often than 
chance at 24 hr. This may be inter- 
preted as a decline in the effect of the 
nonreward experience and/or a gain in 
the effect of the reward experience. 
Thus the effects that occurred separately 
for the rewarded and nonrewarded ob- 
jects occur together and in nearly addi- 
tive fashion for the alternate value 
object. A departure from additivity is 
suggested in the delayed tests where 
there was equality of first-run scores in 
Cond. R and NR and there was a 
departure from chance selection in Cond. 
AR. 

The present results appear to place a 
strain on a single explanatory (uni- 
process) learning principle. Although 
hypotheses concerning curiosity and 
reactive inhibition were not bolstered, 
no evidence was produced that negated 
them. Tentatively, one suggestion will 
be made regarding the phenomena ob- 
served. This is that a short-lived nega- 
tive conditioning effect follows choice of 
an unrewarded object. Whether this 
effect is more in the realm of cognition 
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or of emotion is a semantic as well as an 
experimental problem. 


SUMMARY 


Nine test-wise rhesus monkeys were given 
eight runs through lists composed of nine single 
objects. In each list three objects were rewarded 
(Cond. R), three were nonrewarded (Cond. NR), 
and three were alternately rewarded and nonre- 
warded (Cond. AR). Next, these objects were 
paired, each with a new object, and were pre- 
sented for two test runs. In four sessions the 
paired presentations followed the single object 
presentations immediately and in four sessions 
they followed after a 24-hr. delay. In each pair 
only one object was correct (rewarded); in Cond. 
R and AR this was the previously presented 
object, and in Cond. NR this was the new object. 

In immediate tests significantly more errors 
occurred in Cond. R than in Cond. NR and 
significantly above chance errors occurred in 
Cond. AR. In the 24-hr. tests Cond. R and NR 
yielded equal error scores but significantly below 
chance errors occurred in Cond. AR. The 
above results pertain to first-run scores; similar 
trends were found in second-run scores. 
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LEARNING AND PERFORMANCE IN A TRACKING TASK 
UNDER TWO LEVELS OF ACHIEVEMENT 
INFORMATION FEEDBACK ! 

ALFRED F. SMODE? 

Ohio State University 


Information feedback or knowledge 
of performance can take many forms 
in a skill learning task. Miller (21) 
distinguishes between learning and 
action feedback, and Annett and Kay 
(4) distinguish between intrinsic feed- 
back (such as proprioceptive stimula- 
tion resulting from a motor response) 
and augmented feedback (such as 
that provided by E or by a feedback 
circuit from a machine). The present 
experiment deals with the effects 
of achievement information feedback. 
This is the type of feedback which 
tells S how the results of his responses 
conform to some objective reference, 
and-which is believed to be especially 
effective in increasing motivation. 


! This report is a condensation of a thesis 
submitted to the OSU Graduate School in partial 
fulfillment of the requirements for the Ph.D. 
degree. "The writer is indebted to Paul M. 
Fitts under whose direction this investigation 
was conducted. The research was carried out 
in the OSU Laboratory of Aviation Psychology 
and was supported by the Air Force Personnel 
and Training Research Center under Contract 
No. AF 41(657)-70 with the OSU Research 
Foundation. Appreciation is also expre 
to Earl A, Alluisi and Peter Gain for many 
valuable suggestions 

* Now with Dunlap and Associates, Stamford, 
Connecticut. 


Generally, it has been found that 
achievement information feedback (a) 
increases the level of performance in 
tasks that are highly overlearned (5, 
7, 13, 14, 20), (b) increases the rate 
of improvement early in practice on 
a new task (3, 6, 9, 10, 11, 17, 19, 23, 
24, 25, 27, 29), and (c) increases 
the frequency of reports that tasks are 
more interesting and less fatiguing 
(2, 5, 9, 19, 23, 30), as compared with 
conditions in which achievement in- 
formation is withheld. "These three 
features, considered together, have led 
to the inference that knowledge of 
achievement has a motivating effect 
on behavior. It is not at all clear, 
however, whether the more rapid 
improvement resulting from informa- 
tion feedback during the early practice 
trials on a task is indicative of more 
rapid learning, or only of a heightened 
level of performance attributable to 
greater motivation and effort. 

Industrial research has shown that 
motivation to perform is related to 
job content, and to the methods and 
procedures employed in the task 
(15, 16, 18, 22). In the present 
investigation it was assumed that, 
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under a higher feedback-of-informa- 
tion schedule, performance would be 
superior to that under a lower infor- 
mation-feedback schedule, due to 
motivational effects. 

The theoretical position taken by 
the majority of writers is that infor- 
mation feedback has a large effect on 
task performance but may have little 
or no effect on learning, as indicated 
by retention, resistance to extinction, 
and similar measures (12, 28). How- 
ever, it is difficult to elaborate an 
experimental design that is adequate 
in assessing performance and learning 
effects independently as a function 
of the achievement information avail- 
able during training. The present 
study is intended as a contribution to 
this problem. 

The evidence also is inconclusive 
concerning what happens when feed- 
back information is withdrawn at 
some stage in learning. Some data 
indicate that performance under a 
high-level information schedule shows 
a decrement when the information 
level is decreased or withdrawn (7, 9, 
19). Other data indicate that the 
superiority of groups trained under a 
high-level information schedule is 
maintained after the feedback infor- 
mation schedule is diminished or 
withdrawn (20, 24, 25). 


METHOD 


Tracking apparatus.—A one-dimensional elec- 
tronic compensatory tracking apparatus was 
employed in this study. The tracking input 
was generated by a cam, driven by a constant- 
speed motor, Rotation of the cam actuated a 
rocker arm to change a potentiometer which, as 
part of an electrical bridge circuit, caused needle 
deflections from a null position on the tracking 
display. The input voltage variation was +6 v. 

The tracking display was a zero-center volt- 
meter with a range of +6 v. Needle deflection 
was 13.3° per volt. The needle movement was 
slightly underdamped so that the needle oscil- 
lated several times if subjected to sudden large 
voltage changes. Positional control of the 
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needle excursions in the tracking task was 
provided by a control knob. 

Two scoring circuits, providing time-on- 
target and absolute integrated error scores, were 
incorporated into the apparatus. For time-on- 
target scoring, the error voltage was fed into two 
voltage comparator circuits which defined the 
scoring zone of the problem. A scoring zone 
bandwidth was set at 10° of arc, 5° on each side 
of the null position, corresponding to 6,25% 
of the input voltage (4.375 v.). Whenever the 
error, defined in terms of voltage differences be- 
tween the input signal and S’s control signal, 
was within the specified scoring bandwidth, a 
“Sodeco” four-digit counter (Type TCeZ4E25) 
was activated, and cumulated an on-target score 
at the rate of 20 counts per second. This 
counter was mounted in a soundproof box. For 
absolute integrated error (J^|e|) scoring, the 
error voltage was fed into a conventional com- 
puter amplifier which translated error into 
absolute values which were then integrated and 
displayed on a meter at Z's station. 

Two different cám-generated tracking inputs 
were used. The wave form of these inputs cor- 
responded to a fundamental with a 6-cpm fre- 
quency and a second harmonic with a 12-cpm 
frequency. The amplitude ratio of these two 
components was 12:7.5 units. Tracking input 
No. 1 can thus be specified as: 


9 = (12 sinet + 7.5 cos 2wt) A 


where 6 is angular degrees of needle deflection on 
the display, w is .6288 radian/sec., t is time in 
seconds, and 4 is 3.07 (a constant). Tracking 
input No. 2, which was used by half the Ss in 
the transfer phase of the study, was identical 
with input No. 1 with the exception that the 
second harmonic was phase-shifted a minus 90? 
from that in the first input. Problem input 
No. 2 can thus be specified as: 


9 = (12 sinot + 7.5 sin 291) 4 


"These inputs were chosen in the hope that they 
would provide two somewhat different tracking 
problems, comparable in difficulty level. 

The tracking display was a meter, 31 in. in 
diameter. It was located approximately 24 in. 
in front of S, normal to his line of sight, and at 
eye level. A 31-in. diameter control knob was 
located directly below the display. 

Apparatus for providing achievement informa- 
tion feedback—A decade counter? was used for 
presenting additional visual knowledge of 


*'The idea of using a decade counter plus 
auditory clicks originated from work supported 
by a grant from the OSU Graduate School, in 
collaboration with Paul M. Fitts and J. Alfred 
Leonard. 


ACHIEVEMENT INFORMATION FEEDBACK 


achievement information. It was butted at a 
45° angle to the right of the tracking apparatus. 
It consisted of three columns of red 1}-in. panel 
lights mounted on a 103 X 17-in. black alumi- 
num panel. Each column of lights was num- 
bered upwards consecutively from 0 to 9. The 
lights in the right column were valued at one 
unit while the middle and left column lights were 
valued at 10 and 100 units, respectively. The 
lights were sequenced by stepping switches and 
relays and made possible the visual display of 
999 score units, each unit representing .5 sec. 
time-on-target. Groups not using the decade 
counter were not made aware of its function in 
the task and regarded it simply as some necessary 
component in the “complex” apparatus; it was 
turned off in this case. 

Clicks heard in a set of earphones provided 
additional auditory knowledge of achievement 
information. Clicks occurred at the rate of 2 
per sec. as long as S was on target. 

Procedure.—The same initial instructions 
were read to each S. He was told that when the 
problem began he should move the control knob 
so as to try to keep the needle of the tracking 
display on the zero mark at all times. The 
training task was identical for all Ss except that 
the knowledge of achievement feedback was 
varied. Additional specific instructions were 
read to each S, depending upon the information. 
feedback schedule assigned (H or L) and upon 
transfer to the same or a new target course. 
Each S served for a l-hr. session of 14 trials, of 
which 11 were training trials and three were 
transfer trials, A l-min. rest period was given 
between all trials except for a 3-min. rest between 
Trial 11, the last training trial, and Trial 12, 
the first transfer trial. The 3-min. rest period 
allowed E time to change problem input cams 
manually when required. Each trial lasted for 
90 sec., of which the first 5 sec. were not scored. 
This 5-sec. warm-up period gave S an opportu- 
nity to center the needle in the on-target zone 
before the scoring started. 

'The high-level knowledge of achievement 
groups (H-Groups) received clicks in the ear- 
phones at the rate of one for each .5 sec. of cumu- 
lated time-on-target, and for each .5 sec. S 
remained on the target the next higher red light 
Was also lit on the decade counter. The low- 
level knowledge of achievement groups (L- 
Groups) received broad band noise in the ear- 
phones of sufficient intensity to mask the 
Clicking of the scoring relays which would other- 
Wise have provided auditory performance cues. 
At the end of each trial they were told their 
time-on-target score for that trial to the nearest 
Second. It can be seen that the H-Groups 
received a greater amount of information per 
trial than the L-Groups. The information was 
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presented immediately to the H-Groups, as 
accrued, in small incremental steps, whereas the 
L-Group information was presented only after 
each trial was completed, through a different 
mode of presentation. It should be noted that 
the two schedules of information feedback are 
defined in terms of the aggregate (confounded) 
effect of the basic high and low information 
feedback conditions which differed with respect 
to (a) the amount of achievement information. 
presented, (b) the sensory mode of information 
presentation, and (c) the temporal character of 
presentation. It was not a purpose of the study 
to assign quantitative values to the parameters 
in each condition. It should be noted that both 
groups could observe their own performance 
error continually on the tracking display; how- 
ever, there was no objective standard available 
on the display by means of which they could 
evaluate the goodness of this performance or 
their cumulative achievement. For all groups, 
time-on-target scores were recorded from the 
Sodeco counter and integrated error scores from 
the scoring circuit. 

In the transfer phase of the study eight 
conditions were differentiated—one-half of the 
Ss continued on the information schedule im- - 
posed at the outset, and one-half changed over 
to the other basic information schedule; further, 
one-half the Ss continued to track target input 
No. 1 (used during the training phase), and one- 
half transferred to target input No. 2. The 
eight subgroups are shown in Table 1. 

Subjects—The Ss were 160 male volunteer 
undergraduate students from a beginning course 
in psychology at the Ohio State University. As 
Ss reported, they were assigned randomly to 


TABLE 1 


Tur Various KNOWLEDGE or ACHIEVEMENT (K 
or P) ann TARGET INPUT (Task 1 oR 
Tasx 2) Conprtions EMPLOYED 
DURING TRAINING AND TRANS- 

FER CONDITIONS 


i Transf 
(rate iD (Trials 12-14) 
Group 
KofP Task | KofP Task 

1 High T High 1 
2 High 1 High 2 
3 High 1 Low 1 
4 High t Low 2 
5 Low 1 High 1 
6 Low 1 High 2 
7 Low 1 Low 1 
8 Low 1 Low Z 
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Fic. 1. Percentage time-on-target scores for the high-level and low-level knowledge of achieve- 
ment (K of P) groups over training and transfer trials (20 Ss per group). Brackets indicate groups 
that did not differ significantly on the three transfer trials (Duncan’s Multiple Range Test). 


one of the eight experimental subgroups in such 
a way as to keep the numbers in the groups as 
nearly balanced as possible, until each subgroup 
contained 20 Ss. 

Protocols—In addition to the time-on-target 
and integrated error scores, a protocol of sub- 
jective reactions to the tracking task was ob- 
tained from each S. After completing the ex- 
perimental session, each S was asked: “What is 
your reaction to this kind of task?" “How does 
it strike you with regard to interest, monotony, 
orfatigue?" Tabulation of the answers to these 
questions provides a basis for a comparison of 
subjective reactions to the task under the two 
conditions of information feedback. 


REsULTS 


Time-on-target scores.—Percentage 
time-on-target scores are shown in 
Fig. 1. For the time-on-target data, 


Bartlett’s test did not preclude the 
assumption of homogeneity of vari- 
ance. At test between the perform- 
ance of the H- and L-Groups (N = 80 
per group) over the first 11 training 
trials was highly significant (P « .01), 
the H-Group being superior. Both 
groups showed consistent improve- 
ment over the training trials; how- 
ever the H-Groups were superior on 
the first 90-sec. trial and maintained 
this superiority in performance 
throughout all 11 training trials. 
It is apparent that the augmented 
achievement information feedback 
facilitated performance. 

A 2X22 factorial analysis of 
variance was carried out for the 
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data of Trials 12, 13, and 14 combined, 
in order to assess the experimental 
effects in terms of performance on 
the transfer trials. These results are 
summarized in Table 2. Significant 
variation (P < .01) obtained among 
the means of the three major variables 
of original information feedback (OI), 
transfer information feedback (TI), 
and target course (C). In addition, the 
interaction of transfer information 
feedback and target course was also 
significant (P « .05). 

The TI X C interaction is inter- 
preted as indicating that the joint 
effect of high-level information feed- 
back plus tracking of the same target 
input, as contrasted with the joint 
effect of a low-level feedback plus 
tracking of a different target input, 
was greater over transfer trials than 
could be predicted from the main 
effects of transfer information feed- 
back (TI) and target course (C) 
considered separately. 

A Duncan Multiple Range Test (8) 
was carried out to determine non- 
significant differences in performance 
among the eight experimental groups 
over the combined transfer trials. 
The critical comparisons for the 
present study are those between 
groups trained under different infor- 
mation feedback conditions and tested 
under identical feedback conditions 
on the transfer trials. Four such 
comparisons of transfer performance 
are possible (Groups 1 vs. 5, 2 vs. 6, 
3 vs. 7, and 4 vs. 8).. All four com- 
parisons revealed significant differ- 
ences favoring the group trained 
under the condition of high achieve- 
ment information feedback. 

Also of special interest is the com- 
parison of the transfer performance 
of high-to-low vs. low-to-high informa- 
tion feedback groups (Groups 3 vs. 5 
and 4 vs. 6). In both comparisons 
the high-to-low group was superior, 
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TABLE 2 


ANALYSIS or VARIANCE FOR PERCENTAGE TIME- 
oN-TanGET For ALL GROUPS 


Over COMBINED TRANSFER 
Truats 12-14 
Source df F P 
Between groups 7| 15.6599 |.01 
Original information 1| 56.6534 | .01 
feedback (OI) 
"Transfer information 1| 28.3053 | .01 


feedback (TI) 


Target course (C) 1| 197881 |.01 
OIX TI 1 0294 
oIXxCc 1 .6423 
TIXC 1 4.1848 | .05 
OLX TIX C 1 .0162 
Within groups 152 | (106.4709) 
"Total 159 


a_r 
a Mean square for error, 


but neither difference was statistically 
significant. This finding suggests, for 
the present task and training condi- 
tions, that the facilitating effects of 
high information feedback on learning 
during early trials is approximately 
balanced by the facilitating effects 
of high feedback on performance 
during the transfer trials, i.e., that 
learning and performance effects were 
approximately equal in this task. 


Integrated error scores—For the absolute 
integrated error data, the results of Bartlett’s 
test did not warrant the assumption of homo- 
geneity of variance. Accordingly, a nonpara- 
metric analysis (1) was carried out for the pooled 
data of the three transfer trials in order to assess 
the experimental effects among the three vari- 
ables. The results are very substantially in 
agreement with those for the time-on-target 
scores. The ranks of the eight groups in terms 
of integrated error scores were 1, 2, 3, 4, 5, 6, 8, 
7, which agrees very closely with their rankings 
in terms of the time-on-target scores. A signifi- 
cant difference (P < .01) was shown for the 
effects of high vs. low training information 
feedback, and also (P < .01) for the transfer 
information feedback variable. The effect of 
the target course (C) variable, however, was not 
significant and no significant interaction effects 
were found. Apparently the nonparametric 
analysis of integrated error did not provide as 
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sensitive a test of performance differences as did 
the parametric analysis of time-on-target scores. 

Protocols—An analysis of Ss’ subjective 
reactions to the tracking task indicated that 
interest level accrued as a function of increased 
information feedback. Most Ss who served 
under H conditions reported that the decade 
counter and the auditory clicks seemed to pro- 
duce a high level of interest in the task. Of the 
40 Ss (Subgroups 7 and 8) who performed under 
a low information feedback throughout, 37.5% 
stated that the task was "interesting," 25% said 
the task was "average" in interest level, and 
37.5% stated that the task was “not interesting.” 
It is important to note that of the small number 
of Ss in the L-Groups who judged the task 
interesting, two-thirds added some kind of 
qualification to the effect that the interest level 
fell off and the task became boring after several 
trials. In contrast to this, of the two groups 
(N = 40) that performed under H conditions 
throughout (Subgroups 1 and 2), 87.5% stated 
without qualification that the task was an inter- 
esting one, 7.5% said the task was average in 
interest level, and only 5% stated that the task 
was not interesting. A chi-square analysis of 
the preceding data indicated a difference be- 
tween the H and L groups that was significant 
at the P<.01 level. Four experimental 
groups (N = 80) performed under both sched- 
ules of performance information and were there- 
fore able to compare the two conditions. Of 
this group, 80% preferred high information 
feedback, 15% had no preference, and only 5% 
preferred low information feedback. 

An analysis of the contents of the individual 
protocols suggests three bases for the motivation 
effects: (a) feelings of tension—under the high- 
level information condition, some Ss reported a 
general increase in attentiveness to the task 
together with feelings of increased tension and 
pressure to perform well; (b) self-competition— 
Ss cited the competitive value of the decade 
counter and its high incentive value, and gave 
statements framed in terms of trying for a high- 
score goal; (c) game-playing attitude—some Ss 
reported that the decade counter made the task 
easier and more fun, engendering a better atti- 
tude toward the task, so that they viewed the 
task as a game such as playing a pinball machine. 


Discussion 


Three theoretical issues are raised by 
these results. (a) Do the behavioral 
effects resulting from the higher informa- 
tion feedback condition arise directly 
from the utilization of additional in- 
formation regarding task performance, 
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or are they mediated indirectly through 
an increase in motivation? (4) What 
is the basis of the hypothesized increase 
in motivation? (c) Is the learning effect 
noted on transfer trials due to the fact 
that tracking skills are increased, or to 
the fact that Ss have developed better 
work habits? These issues are progres- 
sively more difficult to answer on the 
basis of the present data. 

Regarding the first issue, it has been 
shown by numerous investigators that 
the type of display used in a tracking 
task (pursuit vs. compensatory, quick- 
ened vs. unquickened, etc.) affects the 
level of performance attained by Ss. 
However, in the present task the primary 
tracking display was the same for all 
groups. Furthermore, had Ss attempted 
to track by means of the additional 
information feedback provided by the 
clicks and the decade counter, they would 
have found it very difficult or impossible 
since this information was not sufficiently 
specific as to the direction and magnitude 
of error to permit $ to use it as a cue 
to the making of specific responses. 
In fact, there is even reason to speculate 
that the decade counter may have been 
in one sense a distraction. Therefore, 
we can safely conclude that the effect 
of the higher information feedback was 
mediated by an increase in motivation. 

Regarding the second issue, of why the 
increased motivation, it was stated 
earlier that it was not the purpose of 
this experiment to investigate this prob- 
lem in terms of the several characteristics 
of the heightened feedback information 
schedule. However, it is hypothesized 
that a schedule providing for the frequent 
feedback of achievement information, 
categorized as good or bad against an 
external standard, has generally a moti- 
vating as well as a reinforcing effect. 
Such an effect has been found in two 
other (unpublished) studies conducted 
in the Laboratory of Aviation Psy- 
chology, which employed a very different 
(perceptual discrimination) learning task. 

The third issue cannot be adequately 
settled on the basis of the present data. 
On the one hand, it is possible that Ss 
learned more about the specific tracking 
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task while performing at a high level 
during training trials; on the other hand, 
they may have developed better work 
habits, such as attending more closely 
to the display, making quicker and more 
frequent corrections, etc., and these more 
efficient work habits, or the attitudes 
associated with them, may have carried 
over to the transfer trials. The present 
writer prefers to identify the effects 
as learning; however, the alternative 
carry-over-of-motivation hypothesis can- 
not be ruled out. It is quite possible, 
of course, that both types of effects 
were present—for example, that a higher 
rate of responding characterized both 
training and transfer trials. 

The type of feedback information 
provided here appears to have some of 
the characteristics of the reinforcement 
schedules found most effective by Skin- 
ner (26) in producing high rates of 
responding. It may be fruitful to in- 
vestigate the relation of augmented 
information feedback schedules to rate 
of responding. 


SUMMARY 


The present experiment was designed to 
provide an independent assessment of per- 
formance effects and learning effects in a com- 
pensatory tracking task as a function of the 
method used in providing cumulative informa- 
tion as to achievement level. With the excep- 
tion of the procedural variable of information 
feedback (knowledge of achievement) the task 
was uniform for all Ss. A transfer of training 
design was employed, differentiating two basic 
conditions (high and low information feedback 
schedules) of the training phase into eight experi- 
mental subgroups in the transfer phase. On 
the transfer trials, one-half of the Ss continued 
to receive the same type of information imposed 
at the outset and one-half changed to the other 
schedule; one-half continued with the original 
target course while one-half transferred to a 
new target course equated for difficulty level. 
The high and low information feedback condi- 
tions differed in terms of the aggregate effect 
of the following three parameters: (a) the 
amount of information presented, (b) the sensory 
mode of presentation, and (c) the temporal 
characteristics of presentation. 

d For both the time-on-target and the absolute 
integrated error scores, all groups showed con- 
sistent improvement over training trials; how- 


ever, the high information feedback groups were 
superior at the end of the first 90-sec. trial, and 
maintained this superiority throughout the 
training period. Thus, the high-level informa- 
tion feedback clearly facilitated performance. 

Comparisons of groups trained under different 
information feedback conditions and tested under 
identical conditions on transfer trials revealed 
significant differences which in all cases favored 
training under high-level information feedback. 
These are identified as learning effects, although 
a carry-over-of-motivation hypothesis (per- 
sistence of a favorable attitude) cannot be 
ruled out. 

For the present task and training conditions, 
the facilitating effects of high information feed- 
back during early training trials (as measured 
by the differences between control and experi- 
mental groups under low information feedback) 
were approximately balanced by the facilitating 
effects of high information feedback during 
transfer trials (as measured by transfer per- 
formance under high information feedback). 

Protocols of subjective reactions to the track- 
ing tasks indicated that interest level accrued as 
a function of increased information feedback. 
Possible bases for this incentive differential are 
discussed. It is concluded that the effect of the 
higher information feedback was mediated by an 
increase in motivation. 

It is suggested that the manipulation of 
extrinsic information feedback may prove to be 
a useful technique for controlling human 
motivational levels in a variety of learning tasks. 
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EFFECTS OF DISCRIMINATION PERFORMANCE OF 
SIMILARITY OF PREVIOUSLY ACQUIRED 
STIMULUS NAMES! 

KATHRYN J. NORCROSS * 

Iowa Child Welfare Research Station 


If S learns discriminal verbal re- 
sponses to a given set of similar stimuli 
in one task and is subsequently re- 
quired to learn motor responses to 
these same stimuli presented in a 
transfer task, performance on that 
transfer task has been shown to be 
facilitated (6). It has been suggested 
that when verbal responses are learned 
to a set of environmental stimuli, the 
response-produced stimulation accom- 
panying verbalization will contribute 
to each total stimulus complex. In 
conjunction with other principles in 
learning theory, facilitation in a 
transfer task may be predicted as an 
increasing function of the distinctive- 
ness of the response-produced stimuli. 
On the assumption that the similarity 
of the responses is correlated with the 
similarity of the stimuli they produce, 
it would be predicted that Ss who 
learn similar names for the experi- 
mental stimuli will not do as well on 
the subsequent criterion task as Ss 
who learn distinctive names, since the 
effective stimulus complexes in the 
criterion task will be more distinctive 
the more dissimilar the responses 
learned in pretraining. 

Pretraining experience involving 
one of two sets of stimulus names, 
either three nonsense syllables judged 
similar or three nonsense syllables 
judged dissimilar, was given by Ger- 


‘This research was the basis for a doctoral 
dissertation under the guidance and direction of 
Charles C. Spiker, who also contributed immeas- 
urably to the paper in its present form. 

*Now at Trenton State Teachers College, 
Trenton, New Jersey. 


juoy (1). No advantage was indi- 
cated in the transfer task for the use 
of dissimilar names as compared to the 
use of similar names. The present 
experiments proposed to investigate 
further the effects of prior attachment 
of names of differing degrees of 
similarity to the stimuli to be dis- 
criminated in a transfer task. A 
within-Ss design was used in an at- 
tempt to control extraneous variables 
which are known to be factors in 
transfer, as well as to increase the 
precision of the experiments. 


EXPERIMENT I 
Method 


Design.—The experimental design is schema- 
tized in Table 1. Experimental stimuli were 
photographs of pen and ink line drawings of 
Indian children’s faces—a pair of girls’ faces and 
a pair of boys’ faces. In pretraining, Ss learned 
highly similar nonsense names for one pair and 
dissimilar nonsense names for the other pair. 
Thirty kindergarten children? were randomly as- 


TABLE 1 


EXPERIMENTAL DESIGN 


Pretraining 
| Transfer Task 
Subgroup 1 Subgroup 2 
i Boy 1—wug | Boy 1—Button 1 ' 
Boy 2am | Boy2—kos | Boy 2—Button 2 
Girl 1—wug Girl 1—zim Girl 1—Button 3 
Girl 2—kos Girl 2—zam_ | Girl 2—Button 4 


3 Appreciation is expressed to Hale C. Reid, 
Director of Curriculum and Instruction, for per- 
mission to obtain subjects in the Cedar Rapids 
Public School. Thanks are also due to John 
Manville, Principal, and to the staff of Hayes 
School for administrative assistance and coopera- 
tion in the collection of data for this study. 
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signed to one of two subgroups used for purposes 
of counterbalancing. The transfer task, identi- 
cal for all Ss, required S to push a different one of 
four buttons to each of the separately presented 
pictures. It was expected that the learning per- 
formance, in terms of correct responses, would be 
superior for the pair of stimuli with dissimilar 
names as compared to the pair with similar 
names. 

"A pparatus.—The apparatus used in transfer 
was comprised of two main units. The stimulus 
unit, an engineering model of the Hunter Card- 
master, has been previously used and described 
by Norcross and Spiker (5). Briefly, this visual 
stimulus presentation device consists of a gray 
metal box 14 X 14 X 14 in., with a 3 X 6-in. 
aperture in the front face. Plastic cards on 
which the stimulus pictures were mounted were 
presented before this aperture. 

The response unit was below the stimulus 
aperture and in front of S. As seen by S, this 
consisted of a gray wooden box with the top 
panel sloping downward from the aperture. On 
this panel, four push-button switches were 
placed at what would be the corners of a 3-in. 
square. The two buttons appropriate for a 
given pair of pictures were diagonally located at 
the points of the square and were marked with 
colored tape—those for the Indian girls with 
yellow tape and those for the Indian boys with 
red tape. A small informational lamp was lo- 
cated immediately beside each button. 

Procedure.—The name learning was adminis- 
tered on Day 1. The Æ verbalized the names 
and indicated which name went with each pic- 
ture, for the girls’ and for the boys’ pictures. 
Some practice was then given, without the pic- 
tures, in serial recitation of the two names appro- 
priate for each pair. At £’s discretion, the 
learning trials were begun in which a single 
picture was held up by E and S was asked for 
the name. When a name appropriate for a 
stimulus member of the other pair was given, E 
offered the names for the pair of which this pic- 
ture was a member, and again asked for a re- 
sponse. If § did not give any name, E asked for 
a choice of the responses appropriate to the pair 
of which the picture was a member. 

Following a correct response, the next picture 
was presented. If an incorrect name was given, 
S was first corrected and then shown the picture 
for which the name he had given was correct. 
The order was such that presentation of a boy’s 
picture alternated regularly with presentation of 
a girl's picture. A trial refers to four successive 
presentations in which all pictures were shown. 
Pretraining on Day 1 was continued until a cri- 
terion was achieved of one trial in which S had 
correctly volunteered the names for all pictures. 
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Pretraining was discontinued for any child who 
did not meet the criterion in 18 trials and his 
record was not considered. 

On Day 2, one to three days later, the pictures 
were presented by means of the Cardmaster 
until the criterion of one errorless naming trial 
was again reached. Transfer learning was im- 
mediately begun. The S was asked to give the 
name and then push a button as each picture was 
presented. If a boy's picture was shown and 
either one of the boys’ names was given, it was 
accepted. This was also true for the girls’ pic- 
tures. If S gave a girl's name for a boy's pic- 
ture, or vice versa, E reminded him of the ap- 
propriate pair of names. 

Only one button response followed a picture 
presentation. After any pushing response, the 
informational light came on beside the button 
correct for that picture. A bell, located inside 
the response unit, was sounded if the correct 
button had been pushed. 'The Z determined 
when a new picture was presented and which 
response would be appropriately rewarded or 
corrected on that presentation. 

A block of four stimulus presentations in 
which all pictures were shown made up a trial. 
"The order of presenting the stimuli was random 
with the restrictions that no one picture appear 
twice in succession and that the number of times 
three girls’ pictures appeared in sequence equal 
the instances of a sequence of three boys' pic- 
tures. Fifteen transfer trials were administered, 
while all naming and pushing responses were 
recorded. 


Results 


Verbal learning—An average of 
7.37 trials, including criterial trials, 
was required to achieve criterion on 
Day 1. In those trials, the mean 
number of correct dissimilar-name re- 
sponses was 8.67 and the mean number 
of correct similar-name responses was 
7.40. The value of t obtained from a 
test of this difference was 1.09 
(P > .20). Data of three Ss who did 
not meet criterion were not considered. 
An average of 3.17 relearning trials 
was given on Day 2. The mean 
difference between similar and dis- 
similar correct responses was .53 
(t — 1.70, P » .05). 

Motor Learning.—Preliminary anal- 
ysis revealed that the subgroups used 
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Fig. 1. Mean number of correct motor 
responses in Exp. I. 


for counterbalancing did not differ in 
performance on the motor task and 
that they did not interact with experi- 
mental conditions. Therefore, the 
subgroup classification was  disre- 
garded in further analyses. For all 
Ss combined, a mean of 20.20 correct 
motor responses followed presentation 
of those stimuli which possessed dis- 
similar names while a mean of 16.90 
correct responses followed presenta- 
tion of the stimuli with similar names. 
Figure 1 graphically shows the means 
of the number of correct responses in 
blocks of three trials for the two 
similarity conditions separately. A 
Treatment X Trials X Ss analysis (4) 
of correct responses is summarized in 
"Table 2. 


Discussion 


The results obtained confirmed the 
prediction that more correct responses 
would be made in the learning of dis- 
criminal motor responses to a pair of 
stimuli for which dissimilar names had 
been previously learned, as compared to 
a pair for which similar names had been 
learned. However, an examination of 
the verbal responses occurring in the 
motor task revealed that 103 incorrect 
dissimilar verbal responses were given 
while 341 incorrect similar responses 
were made. The mean difference of 8.27 
is significant at the .001 level. The ex- 
planation could be offered that a greater 
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TABLE 2 


ANALYSIS OF VARIANCE OF CORRECT 
Moror Responses, Exr. I 


Source df MS F 
"Treatments (T) 1 32.67 7.67* 
"Trials (t) 4 44.12 23.85** 
Ss 29 
TXt 4 126 | «1.00 
tX Ss 116 1.85 
TXSs 29 4.26 
TXtXSs 116 1.50 
"Total 299 

*P <01 
** P < 001. 


number of motor errors to the similarly 
named pair of stimuli occurred because 
the similar verbal cues were more in- 
consistently associated with their re- 
spective experimental stimuli than was 
true for the dissimilar verbal cues, and 
were therefore more irregularly rein- 
forced with regard to the button re- 
sponses. A second experiment was con- 
ducted which assured for each picture a 
consistent verbal response immediately 
prior to the motor response. 


Experiment II 


Experiment II differed from Exp. I 
only in that S was corrected for 
misnaming in the transfer task, and 
was required to verbalize the correct 
name prior to the button-pressing re- 
sponse. Twenty-six Ss were ran- 
domly assigned to one of the two sub- 


groups. 


Results 

Verbal learning —The mean number 
of trials on Day 1 was 7.54. An 
average of 3.31 relearning trials was 
required on Day 2. On neither day 
was there a significant difference be- 
tween the number of correct similar 
and dissimilar responses (P > .20). 
Data of three Ss who did not meet 
criterion were not considered. 

Motor learning.—A. mean of 22.73 


308 


—À9À OISSIMILARLY NAMED STIMULI 
300 e siicamy auto. STIMUL 


E ry rary Lr] 


74 
BLOCKS OF TRIALS 
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responses in Exp. II. 


correct responses occurred to the pair 
with dissimilar names while a mean 
of 19.62 correct responses occurred 
to the pair with similar names. 
Table 3 summarizes a Treatment X 
"Trials X Ss analysis of variance which 
again yielded both significant Treat- 
ment and Trials effects. Figure 2 
depicts the results graphically. 


Discussion 


Experiment II showed a significant 
difference in transfer performance for the 
two types of stimuli with names of differ- 
ing degrees of similarity, a confirmation 
of Exp. I. These experiments were 
designed so that each S served in both 
experimental conditions. Thus, there 
should be no differential effects of warm- 
up and learning-to-learn, both known to 
be nonspecific factors in transfer of 
training (2, 7). Each $ had the same 
amount of experience in learning to 
respond discriminally to the two pairs in 
pretraining. "Therefore, any effects es- 
tablished by this experience, e.g., "ob. 
serving responses" (3), should have 
transferred to the second task equally 
for both pairs of stimuli. It would not 
seem that any of these factors can be 
used to account for differences in per- 
formance for the two similarity condi- 
tions. In addition, Exp. II controlled 
verbalization so that S consistently gave 
the correct name immediately prior to the 
motor response. Thus it appears that 
it is the difference in similarity of the 
pairs of verbal responses which has 
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TABLE 3 


ANALYSIS OF VARIANCE oF CORRECT 
Moror Responses, Ex». II 


Source df MS F 
"Treatments (T) 1 28.45 6.51* 
Trials (t) 4 80.67 | 3447** 
Ss 25 
TXt 4 1.55 1.44 
t X Ss 100 2.34 
TX Ss 25 4.37 
TXtX Ss 100 1.08 
"Total 259 

*P <.025, 
** P < 001 


differentially influenced performance on 
the criterion task. 

It should be noted that the design of 
these experiments does not permit infer- 
ence as to whether the transfer was 
negative, positive, or both. In order to 
determine the direction of transfer in 
such an experiment a control condition 
is needed which involves criterion task 
stimuli for which the Ss have not previ- 
ously learned names. 

It has previously been shown that 
performance when learning motor re- 
sponses to a set of stimuli will be affected 
if verbal responses have been learned to 
these same stimuli. This study suggests 
that, under certain conditions, the trans- 
fer effects depend at least in part upon 
the degree of generalization among the 
response-produced stimuli. 


SUMMARY 


This study measured the effects on discrimi- 
nation performance in kindergarten Ss of the de- 
gree of similarity of previously acquired stimulus 
names. In Exp. I, Ss learned similar nonsense 
names to two stimuli and dissimilar nonsense 
names to two other stimuli. These same stimuli 
were then shown in a transfer task in which S was 
required to give a name and push a different one 
of four buttons in response to each stimulus 
singly presented. More incorrect names and 
fewer correct motor responses occurred to the 
similarly named pair as compared to the dis- 
similarly named pair. 

Experiment II differed from Exp. I only in 
that incorrect verbalizations were corrected 
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prior to the occurrence of a motor response. 
Again, transfer performance with the dissimi- 
larly named pictures was significantly superior 
to that for the pictures with similar names. 

It was concluded that response-produced 
verbal cues may differentially affect a transfer 
task depending upon the degree of generalization 
among the verbal cue components. 
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A STUDY OF “FITTINGNESS” OF SIGNS TO WORDS 
BY MEANS OF THE SEMANTIC DIFFERENTIAL 


GORDON A. McMURRAY 
University of Saskatchewan 


The term “fittingness” to describe 
the relationship between a word and a 
pictorial sign was used by Bartlett 
(1, Ch. 6) in reporting the results of 
his Picture Writing experiment. His 
Ss were required to associate certain 
word-sign pairs and to reproduce the 
correct sign whenever the correspond- 
ing word appeared in a short story 
dictated 15 min. after the learning 
period. Some word-sign combina- 
tions were accepted by his Ss as being 
peculiarly fitting, and the recognition 
of this fittingness evoked a pleasant 
feeling. The conditions which gave 
rise to this "fittingness" experience 
were not studied, but Bartlett con- 
sidered that it probably involved 
complex cognitive processes for which 
a verbal formulation might or might 
not be possible. 


Hall and Oldfeld (3), using six words each 
matched with two signs, found significant agree- 
ment among Ss in the choice of the “best-fitting” 
signs. "The reasons given for the choices were so 
varied that they appeared as rationalizations for 
a more basic process in which the general formal 
and structural qualities of the signs influenced 
the selections made. More recently, Hall (2) 
used 50 words each matched with five possible 
symbols. The agreement of choice for many 
words was again high with the basis of fittingness 
varying from signs having a direct conventional 
significance to those possessing some undefined 
formal quality which fitted the word. 

Similar results have been obtained in ex- 
periments where different tasks were used. 
Usnadze (7) presented 42 unfamiliar syllables or 
sound complexes from which an appropriate name 
was to be selected for each of six drawings. 
Agreement of choice was again beyond that which 
could be expected by chance. Willmann (8) sent 
four simple abstract geometrical designs to sey- 

eral composers and asked them to compose ap- 
propriate musical themes after they had briefly 
studied each of the designs. Themes for the 


same designs showed marked similarities which 
differentiated them from other theme-design 
combinations. These experiments demonstrate 
that significant agreement of choice occurs when 
several Ss are asked to match visual designs 
with words, nonsense sounds, or music. The 
reasons for this agreement, however, remain 
obscure, and the choices made are largely unpre- 
dictable. 


In 1952, Osgood (4) suggested that 
the meaning of a word might be speci- 
fied by rating it on several 7-point 
scales, each of which has been defined 
by a pair of polar terms such as Kind 
—Cruel, High—Low, Heavy— Light. 
Ratings of a word on a series of such 


X 
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Fic. 1, Word-sign combinations used for the 
study of fittingness of signs to words. 


310 


“FITTINGNESS” OF SIGNS TO WORDS 


TABLE 1 


Scares Usep IN SEMANTIC DIFFERENTIAL 


angular—rounded| cold—hot fast—slow 
weak—strong good—bad hard—soft 
rough—smooth tense—relaxed | ugly—beautiful 
active—passive heavy—light green—red. 
high—low kind—cruel sick—healthy 


scales may be represented by a profile 
which thus becomes a kind of “profile 
of meaning” of that word. Because 
visual signs may be rated directly on 
this semantic differential, the degree 
of similarity between the connotative 
meanings of any given word-sign pair 
becomes measurable. This study was 
undertaken to test the hypothesis that 
in the situation where one of two signs 
is chosen as “best fitting" a word, the 
ratings of the word on the differential 
would be closer to the ratings of the 
chosen sign than to those of the non- 
chosen. 


METHOD 


Choice of word-sign pairs—Ten words, each 
presented in connection with a pair of pictorial 
designs, were given to a class of 156 students in 
introductory psychology. The Ss received a 
mimeographed sheet with the words and signs 
arranged as shown in Fig. 1. They were then 
asked to draw a circle around the letter under 
the sign which seemed to go best with the word. 

The first six words with their signs were the 
same as those used by Hall and Oldfield (3). 
Of the remaining four words and eight signs, all 
of the words and one of the signs (Sign B for 
Visionary) were used by Hall (2). The remain- 
ing seven signs were drawn for this experiment 
to resemble Hall’s more abstract designs. 

The semantic differential—In the test form 
for the semantic differential the 15 scales listed 
in Table 1 were used. These scales were selected 
because they are similar to those used by Osgood 
and because they represent the three main 
factors he has isolated in factor analyses of these 
ratings (6), The concepts rated were the 10 
words and 20 signs shown in Fig. 1, presented in 
an order which did not reflect the pairings of 
Fig. 1. Each concept was rotated against each 
scale so that successive appearances of any one 
concept were separated by 29 other ratings. 

The resultant 450-item test form was ad- 
ministered to 39 students who were unaware of 
the nature of the hypothesis and of the word-sign 
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pairings used in Fig. 1. They were instructed 
to mark the scales rapidly and to judge each item 
as independently as possible. Ratings were 
given a numerical value by assigning the num- 
bers 1 to 7 to the successive steps on each scale, 
the left-hand side being arbitrarily called 1. 
After the numerical ratings were punched on 
IBM cards, the cards for all the group were then 
put through a tabulator to obtain the distribu- 
tion of ratings on each item and their sums. 
Mean ratings were obtained with an ordinary 
desk calculator, Two test forms were discarded 
because of unclear placement of the check marks. 
Thus the mean ratings are based on 37 complete 
forms. The difference, d, between the mean 
rating of a word and the mean rating of each of 
the two associated signs was then found on each 
of the 15 scales. These were combined into a 
single measure, D, of the distance between a 
given word-sign pair using the formula D = 


A243 (5). 
REsuLTS 


The results found in Table 2 con- 
firm the significant agreement of choice 
found by others (2, 3). The least 
decisive agreement was found for 
Rhythm with its associated signs, but 
even here tested against a hypothetical 
50:50 distribution x? = 9.82; RC 
01. 

The results from the semantic differ- 
ential given in Table 3 show that the 
chosen sign was closer to the word 


TABLE 2 


Numper Cuoosine SIGN A OR Sicx B ror Eacu 
or THE 10 Wonps, AND THE CORRESPONDING 
D Basep on DIFFERENCES IN 
Mean RATINGS 


E 


Number D Based on Diff. in 
Choosing Mean Ratings 
Word 
Sign A | Sign B | Sign A | Sign B 
Rhythm 97 58 6.5 84 
WIE 143 13 49 6.0 
ustice 34 120 5.5 47 
Po 128 28 5.0 | 10.0 
Storm 138 18 5.9 7.0 
Philosophy 15 141 8.2 5:3 
Visionary 24 131 5.1 54 
Crisis 5 149 11.6 3.9 
Peace 156 0 3:3 110) 
Enthusiasm 4 152 8.0 70 
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than the nonchosen sign on the D 
measure in 9 of the 10 choice situa- 
tions. The one exception is found in 
the case of Visionary where Sign A 
(the nonchosen sign) was slightly 
closer to the word on the D measure 
than Sign B (the chosen sign). 

With 15 scales and 10 words there 
were 150 instances in which the mean 
ratings of the associated signs could 
be compared to that of the word. In 
112 of these comparisons, disregard- 
ing the quantitative size of the differ- 
ence, the mean rating of the chosen 
sign was closer to the word than was 
the mean rating of the nonchosen sign. 
This distribution is significantly differ- 
ent from what could be expected on 
the hypothesis that the mean rating 
of neither sign is more likely to be 
closer sto the word than the other 
(xà = 36.6; P < 0.01). 


Discussion ^ " 
The results indicate that the semantic 


differential reflects the  connotative 
meanings evoked both by visual designs 
and words. When these’meanings for a 


word-sign pair are similar, then this com- 
bination is regarded as "fitting"; and, as 
seen in Table 2, marked agreement will 
be found in choosing such a pair. over a 
pair with less similarity. 

It is likely that the sign connotations 
are due to certain formal qualities which 
are brought out by the differential and 
made roughly measurable even though 
for most people d» descriptive verbal 
formulation of these qualities is impossi- 
ble. Itistrue that conventional learned- 
object associations may enter into these 
choices, although they have been fairly 
well excluded from many of the designs. 
When these conventional associations do 
enter, they appear to act as a separate 
"conventional" factor which might add 
to, or mask, the "formal" factor. Hall 
(2) has shown that, when both types of 
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choice are possible, individuals 
considerably in the relative influence 
these two factors on their choice 
Since the semantic differential does 
appear to be a suitable instrument | 
reflecting such specifi associations, 
relationships demonstrated in this stu 
would likely appear most clearly wl 
highly abstract visual designs are used; 


Summary 


Pairs of pictorial signs were presented in ci 
nection with each*of 10 words. Statistical 
significant agreement of choice was found v 
156 Ss were asked to select the sign “best fiti 
to each word. The same words and signs 
rated independently on a semantic different 
made up of 15 scales. The mean ratings of 
chosen signs were found to be closer to the me 
ratings of the word than were those of the 
chosen signs. It is concluded that “fittingn: 
of sign to word is related to the degree of simil 
ity of their connotative meanings as indicated 
ratings on the semantic differential. 
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Pavlov (12) found that conditioned 
stimuli while still being reinforced 
passed into a state of inhibition. The 
rate of growth of this inhibitory proc- 
ess was increased when the same 
stimulus was applied at short intervals 
of time, and kept to a minimal degree 
when the same stimulus was applied 
infrequently. Hovland (8) pointed 
out that there appeared to be two 
distinct types of experimental extinc- 
tion curves: (4) those characterized 
by a continuous decline, and (5) those 
showing a larger response on the 
second or third extinction trial than 
on the first. Hovland suggested that 
the initial rise in the.second type of 
curve was due to negative adaptation 
to continuous reinforcement. He 
partially verified this hypothesis. 
Gardner and Nissen (6) also observed 
that prolonged training often showed 
periods when practice seemed to have 
negative effects. These reports offer 
evidence to support the view that 
extinction phenomena can be observed 
without the withdrawal of the rein- 
forcing agent. 

Gleitman, Nachmias, and Neisser 
(7) criticized the Hullian theory of 
inhibition and extinction, presenting 
the argument that the Hullian learn- 
ing equation should lead to the pre- 
diction that the ordinary learning 
curve should rise to a maximum and 
then eventually return to the base line. 
This prediction is deduced as follows: 
if a habit strength becomes asymptotic 


1 This work was carried out with the aid of a 
grant from the Bethlem Royal and Maudsley 
Hospital Research Fund. 


to a maximum value, reinforcement 
of the habit is no longer possible, and 
so Zz and sIr should then grow un- 
opposed with each repetition of the 
habit after the sHz asymptote has 
been reached. This growth of Ir and 
sIn will lead to progressive decrements 
in performance to the point where sIr 
will equal the value of sr, when the 
learning curve will drop to Ww. 
line never to recover again. ey 
add that this extinction should be 
achieved in the same number of trials 
required for experimental extinction. 
Calvin, Clifford, Clifford, Bolden, and 
Harvey (3) reported an experiment in 
which trained rats were to run a straight 
runway for a food reinforcement. 
After a period of consecutive testing 
of 30 trials per day per S, it was found 
that all Ss refused to run for their 
food after a-few trials, although they 
were still deprived of food and re- 
ceived a reward on every trial. The 
procedure in this experiment was 
criticized by Dinsmoor (4) who 
pointed out several reasons, other than 
the Gleitman prediction, why the Ss 
may have stopped*running, the most 
pertinent of which was that Calvin 
may have inadvertently trained the Ss 
not to run, because when any S re- 
fused to run it was picked up and 
placed in the goal box with the reward 
present, thus rewarding the non- 
running behavior. 

It was therefore decided to repeat 
Calvin's experiment in a modified 
form, with more stringent nonrunning 
criteria exercised. 
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METHOD 


Subjects. —The Ss were 10 male albino rats 
which formed part of the sixth generation in a 
selective breeding study of emotionality (2). 
For reasons not pertinent to this report the 10 Ss 
were composed of two groups each of five 
brothers. Group A was the offspring of a fifth 
generation pair of emotional Ss, and Group B 
was the offspring of a fifth generation pair of non- 
emotional Ss. The Ss were all experimentally 
naive and exactly 100 days old when testing 
began. Their experience prior to testing was 
rigidly controlled; one month before testing 
each S was housed in a separate cage in the 
animal room, and was kept under the same condi- 
tions as far as temperature, light/dark cycle. 
diet, and husbandry were concerned. Two 
weeks before testing, each S was handled for 5 
min. every day and gradually brought onto a 
23-hr. water deprivation schedule. During test- 
ing careful check was kept on each S’s weight. 
No loss in weight was recorded, and no S suffered 
from any detectable illness. 

Apparatus.—Two identical open-top runways 
in prepared wood were constructed, 12 ft. long 
and 6 in. wide, and with sides 10 in. high. The 
first foot of the runway was made into a starting 
box by fixing a door 1 ft. from the end. "The door 
was opened by a spring mechanism, allowing it 
to swing from the vertical position to the horizon- 
tal, so that S had to go underneath the door to 
get into the runway. A burette stand with a 
6 X 12-in. base was placed at the opposite end. 
A 100-cc capacity burette was fitted in the stand 
and a watchglass 1} in. in diameter was fixed 
directly beneath the nozzle of the burette, the 
tip of the nozzle being 3 in. above the watch- 
glass. One-fourth cubic centimeter of water 
could be accurately measured and dropped into 
the glass without splashing. Both runways were 
fitted to the opposite walls of a 5 X 14 ft. room, 
2.5 ft. from the floor, and were painted flat 
black, The room was illuminated by a 100-w. 
pearl bulb, which was placed at a point midway 
between the two runways and halfway along 
each runway. The room temperature during, 
testing was kept within a few degrees of 72? F. 

Each runway was fitted with two clocks 
measuring accurately to .01 sec. and operated by 
a capacity change relay system. One clock 
measured latency, or the interval between the 
opening of the door and the S moving under the 
door, and the second clock measured speed of 
running time, or the interval from the S passing 
the door to reaching the burette stand. 

Procedure.—The day before testing began 
each S was weighed and the total water intake 
over the hour's drinking period was measured 
for each S; it was found that Group A's mean 
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weight did not differ significantly from Group B's 
(t = .40 with 8 df) nor did the two groups’ water 
intake differ significantly (t = 1.58 with 8 df). 
Each S from Group A was paired with an S from 
Group B on the basis of rank order in weight, the 
heaviest pair of Ss always being tested first each 
day, and the other pairs followed in descending 
order of weight. 

Each pair of Ss was run at the same time, 
their allocation to a particular runway on a given 
day being determined by a Gellerman series, so 
that in 10 days’ testing each S ran five days in 
each runway, but did not run in the same runway 
for more than three consecutive days. Each S 
of each pair mirror-imaged its partner's alloca- 
tion to runways. All Ss learned to run the 
runways in three days of free exploration with 
reward present in the dish. 

The testing procedure was as follows: each S. 
was placed in the starting box facing the door, 
the door was opened and S ran to the reinforce- 
ment dish. Immediately S finished drinking, 
it was taken out of the goal box and run again. 
This was repeated for 30 trials for each S. The 
reinforcement per trial was } cc, so that if S. 
completed the 30 trials it received 7.5 cc. of 
water. Three hours after the last trial of each S 
a further drinking period ad libitum of $ hr. was 
allowed. The Ss were thus tested under ap- 
proximately 20 hr. water deprivation. 

The criterion for extinction was that on three 
consecutive days S must refuse to run for water 
twice consecutively within the first five trials. 
A refusal was defined as S's failing to stop the 
running time clock within 5 min. of the door 
being opened. After the first refusal S was 
momentarily taken out of the starting box and 
then put back in again and the door opened. If 
any S had two consecutive refusals during any 
part of a day's testing, testing was discontinued 
for that day, but was not counted as an extinction 
day. On no occasion was S lifted out of the 
runway and placed in the goal box for reinforce- 
ment if it refused to run. On every trial it was 
ensured that S had drunk the water and that the 
paws and fur were relatively dry before starting 
another trial. 

Thirty-six days after the last extinction day, 
each S was re-run under the same conditions to 
see if there was any spontaneous recovery of the 
habit. 


REsuLts 


The main result of the experiment 
was that all Ss met the criterion for 
nonrunning. Seven Ss ran zero trials 
over the three extinction days. The 
mean number of days for Groups A 
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and B to reach the nonrunning cri- 
terion was 32.40 and 34.00, respect- 
ively; the difference between the 
groups is not significant (t = .35 with 
8 df). Although two measures were 
recorded, only the speed of running 
data will be discussed as it was found 
that Group A’s latencies had a very 
large variance and could not be 
normalized by various transforma- 
tions to be used reliably in statistical 
tests of significance between means 
which are being reported for the 
purpose of this paper. Group B’s 
latencies followed very closely the 
trend of their speed of running results. 


Because there were considerable differences 
in the number of days between Ss in reaching the 
criterion for nonrunning, the production of com- 
posite learning curves has been effected by break- 
ing the individual S’s learning curve into two 
parts. The results of 12 days’ testing from each 
S has been utilized in the following way: as the 
first three days were training days, these have 
been omitted and Day 4 to 9 have been desig- 
nated the learning period, or Period 1. These 
days in point of time were the same for each S. 
Then taking the first extinction day for each S, 
the six days immediately preceding this point 
have been designated the extinction period, or 
Period 2, Thus the latter part of each S’s 
learning curve has been equated back from the 
nonrunning point, but these days are not equated 
intime. The range of days omitted by this pro- 
cedure is from 1 to 23. The median running 
time of each S was computed for the 12 days, 
then the group mean median speed of running 
time was calculated for each day and plotted as 
shown in Fig.l. It was found that there was no 
difference between the groups in Period 1 (mean 
running time Group A = 10.56 sec.; Group B 
= 871 sec., t= 1.005 with 58 df), but that 
Group A Ss were running significantly slower 
than Group B in Period 2 (mean running time 
Group A = 10.52 sec., Group B = 4.85 sec.; 
t= 3.83 with 58 df, P = 01. The plotted 
curves show no evidence for a progressive gradual 
slowing down in speed of running. 

It was noted on looking at the running times 
Over a day that there appeared to be certain 
quantitative differences between the groups 
Which were being masked by taking only the 
median running times. Group A after a period 
of time was showing a distinct “warm-up” 
effect. The first few trials per day were slow, 
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Fic. 1. Performance curves based on the 
mean of the five median running times per day 


per group. 


gradually increasing to a peak which was main- 
tained for several trials, then the speeds began 
to decrease again, often slowing to such an extent 
as to produce two consecutive 5-min. criterion 
periods before Trial 30 had been reached. The 
Ss of Group B by observation were showing none 
of these effects until a few days before extinction 
and then only on a very small scale, To test 
this observation each S's daily running times 
were re-worked in the following way. The total 
trials per day per S (excluding any 5-min. 
periods, as these are not counted as a trial be- 
cause there is no reinforcement of the running 
habit by drinking water) were divided into fifths 
and a mean taken of each fifth. These points 
were plotted on a graph and it was found that 
there was a very pronounced trend exhibited by 
the curves of the first and last fifth sections of 
Group A's speed of running times, These 
curves showed a gradual rise to a peak of per- 
formance followed by a gradual decline towards 
the base line (5 min.). The curves based on the 
middle fifths of Group A showed also a gradual 
rise to a peak followed by a plateau inclining 
minimaly towards the base line. Group B 
showed none of these effects until a few days 
before they refused to run, and then the slowing: 
down of the first fifth of the times was very 
small compared with that of Group A. 


An analysis of variance design was 
set up in order to test these observa- 
tions. To keep the population within 
each cell constant, it was decided to 
test the differences in running speed 
on the means of the first and last six 
running times per day per S, in 
Periods 1 and 2, irrespective of the 
total completed trials on these days. 
The curves based upon the analyses of 
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Fic, 2. Performance curves based on the 
mean of the means of the first and last six trials 
per S per day. 


variance data is shown in Fig. 2 and 
the results of the analyses are shown in 
Table 1. 

The mean of the first and last six 
trials allowed the maximum number 
of running times within each cell 
without any time score being used 
twice, because prior to extinction the 
smallest number of trials recorded on 
any day was 12. 'The scores were 
converted to logarithms to normalize 
the data. In the analysis of both sets 
of data the between-rat, within-strains 
effect is highly significant, which 
means that any conclusions drawn 
from these analyses must always be 
tentative. In the analysis of the first 
six trials the F ratio between S 
X Period/Period X Strain is 31.409, 
which is significant at the .001 level, 
indicating that although each S acts 
individually, there is still a consider- 
able strain difference in the manner in 
which the nonrunning effect is pro- 
duced. In the analysis of the last six 
trials there are no group differences 
over Periods, but both groups are 
running significantly slower in Period 
2, showing that there is a shift towards 
the base line in this section. 

The observation that Group A ap- 
peared to run 30 trials less often than 
Group B was also tested statistically. 
The proportion of times that each 
group ran 30 trials per day was cal- 
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culated: for Group A it was .44 and 
for Group B it was .79. The arc sine 
transformation of the square roots of 
the proportions was then taken and a 
critical ratio set up which yielded a 
value of 6.091 which is significant 
above the .01 level, showing that 
Group A did complete the full 30 trials 
on fewer occasions than Group B. 

No spontaneous recovery was re- 
corded for any S in the retest 36 days 
after extinction was complete. 


Discussion 


The fact that there was no spontaneous 
recovery of the habit suggests that the 
mechanism by which this nonrunning 
behavior was produced was other than 
experimental extinction. Gleitman et 
al. (7) were correct in their prediction 
that the repetition of a habit would 
produce the extinction of that habit, but 
their theoretical argument is at fault 
because Hull (9) was very inconsistent 
with his theory of inhibition. Hull’s 
principal formula of sEm formation, 
sEr = sHp X D, makes it inconsistent 
to then add the negative drive Zp with 
the negative habit s/g. Iwahara (10) 
has discussed this inconsistency and sug- 
gested that Zp and sIr should be multi- 
plicative. He finds this multiplication 
contradictory because if Zp was zero, 
then the total inhibitory strength must 
also be zero. This obviously contradicts 
the facts. Jones (11) has produced 
another formula which allows sx to be 
activated without the presence of Ip. 
His formula is: sEg = (sHg — sIr) 
X (D — Ig), which multiplied out gives: 
sër = (D X sHr) — (D X sIr) 
— (sHn X In) + (s/n X Ir). In this 
formula sIr can be activated by D as 
well as Ig. It was found in this experi- 
ment that seven Ss refused to run con- 
sistently on the first two trials. If Ir 
and sIr were simply multiplicative this 
result would be impossible, as after a 
considerable rest period presumably all 
Ir would have dissipated and there 
would be no drive activating sIę. But 
Jones’ formula allows both the positive 
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TABLE 1 
Summary OF ANALYsEs OF VARIANCE 
First 6 Trials per Day Last 6 Trials per Day 
Source df 
MS F MS F 
Periods (P) 1 2410 : 
Days within Periods 10 2294 I HH rr 
Strains (St.) 1 2.2422 26,72** 9705 7.80** 
Ss within Strains 8 .5792 6.90** 1.1085 8.90** 
P X St. 1 3.2760 39.05** 2018 1.62 
Ss X Period 8 .1043 1.24 7450 5,98** 
Day X St. 10 .0124 0.15 1924 1.55 
Residual 80 .0839 1245 
"Total 119 
*P = 0l. 
* P = 001, 


and negative habits to be aroused by the 
positive primary drive (D). Therefore 
if sHr = sIr after all Zp has dissipated, 
there will still be nonrunning behavior 
because both habits are multiplied by the 
same strength of the primary drive. It 
is therefore suggested that the original 
learning equation cannot be accepted 
because it is illogical, and that the 
reformulation by Jones is in some 
measure supported by certain results in 
this experiment. 

The fact that the learning curves based 
upon the median running times do not 
show a gradual return to the base line 
can be explained in the following way. 
Eysenck (5) has suggested that warm-up 
effects found under massed practice on 
the pursuit-rotor are not due to the 
warm-up decrement as proposed by 
Ammons (1), but that sIr, being a habit, 
must react to nonreinforcement like any 
other habit and undergo extinction. 
Thus, after a rest period during which Zz 
has dissipated, on the first few trials little 
or no Ip is accumulated and so not dis- 
sipated. Consequently sZg is not rein- 
forced and so undergoes extinction up to 
the point where once again Ip is dissi- 
pated and reinforces the slr. If this 
system is to be taken to its logical 
conclusion, then if sZg undergoes experi- 
mental extinction it must also spontane- 
ously recover, allowing the strength of 
sIr to increase from period to period. 


It is thought that in the case of this 
experiment this process occurred, the sIr ` 
growing until it equaled the strength of 
sH or even becoming stronger as shown 
by the fact that so many consecutive 
refusals were recorded. If sIę only 
equals sHp in strength, then there must 
be equal chances of either event occur- 
ring, but this was not the case with Ss in 
this experiment. Because slr extin- 
guishes during the first few trials, the 
middle section of the trials keeps a 
relatively constant level, the median time 
generally falling within this section, and 
so there was no evidence for a progressive 
decrease in running times shown by a 
graph based upon the mean median 
speed of running times. 

Group A appears to show the produc- 
tion of sIr more clearly than Group B. 
The results have shown that (a) by 
measurement of water intake the groups 
do not differ in drive levels, (4) in Period 
1 there are no differences between the 
groups in speed of running, these two 
facts suggesting that the groups are well 
matched at this point, and (c) the major 
differences appear to be in the warm-up 
effects and in the number of trials com- 
pleted each day per group. It is thought 
that these differences can be accounted 
for by postulating both individual and 
group differences in the strength of sIr 
needed before the habit reaches a super- 
threshold level. In the case of Group A 
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the threshold is low, allowing the super- 
threshold growth of sIr to be observed 
over a considerable period by its de- 
pressing effect on running times at the 
beginning of a testing session, whereas 
the slowing down towards the end of the 
session is due to the combined effects of 
Ing and gIp. In Group B the threshold 
is very much higher, almost as high as 
the strength of sHz itself, so that very 
little evidence of sIr is shown until its 
strength is almost equal to that of sHr; 
hence, the rather abrupt nonrunning be- 
havior in Group B. 

It is therefore considered that Gleit- 
man’s main prediction has been verified, 
in that the constant repetition of a habit 
leads to its extinction, but that the 
mechanisms underlying this extinction 
are other than those proposed by 
Gleitman. 


SUMMARY 


Ten albino rats were trained to run a 10-ft. 
runway. On each trial they received } cc of 
water as reward, being tested after 20 hr. water 
deprivation. The Ss ran 30 massed trials each 
day. After a period of days all Ss refused to run 
for their water. The results have been explained 
in terms of a reformulation of the Hullian learn- 
ing equation, of the extinction and recovery of 
conditioned inhibition, and differences in the 
threshold level of conditioned inhibition. 
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EXTINCTION AND SPONTANEOUS RECOVERY OF 
CONDITIONED EYELID RESPONSES AS A 
FUNCTION OF AMOUNT OF ACQUISITION 
AND EXTINCTION TRAINING ! 


WILLIAM 


F. PROKASY 


Pennsyloania State University 


To date, little attention has been 
paid to the variables of amount of 
acquisition and extinction training 
as they affect. responding during 
extinction and spontaneous recovery 
test trials. The lack of information 
is more notable in the area of classical 
conditioning. Pavlov (13, pp. 58, 
59) suggests that the greater the 
amount of extinction training, the 
less the amount of responding during 
spontaneous recovery test trials. In 
the only pertinent classical condi- 
tioning studies reported in the Ameri- 
can literature, Kimble and Dufort 
(9) and Hovland (8) report greater 
resistance to extinction with a greater 
number of acquisition trials. 

The relevant literature in instru- 
mental conditioning is difficult to 
assess because of gross methodological 
differences among the studies. When 
response latency in a straight runway 
is employed as the measure, whether 
or not more acquisition training 
leads to higher resistance to extinc- 
tion depends upon the discriminability 
of the start and goal boxes (3, 10, 11, 
12). 

The several studies (1, 7, 14, 19, 20) 
concerned with rats and their lever- 
pressing behavior report essentially 


1 The results reported constitute à portion of 
a dissertation submitted to the Graduate School 
of the University of Wisconsin in partial ful- 
fillment of the requirements for the Ph.D. degree. 
The author is indebted to his advisor, David A. 
Grant, as well as to F. A. Mote and L. B. 
Wyckoff, for his support and constructive 
criticism which contributed to the completion 
of the reported research. 


the same effect of differing amounts 
of acquisition training: as acquisi- 
tion training increases, resistance 
to extinction increases. Williams 
(19) and Homme (7) also report that 
resistance to extinction during the 
spontaneous recovery test trials is an 
increasing function of the amount of 
acquisition training. This, however, 
is but a tentative finding, since in 
both studies initial extinction training 
came 24 hr. after the end of acquisi- 
tion training. 

The object of the present study was 
to investigate the effects of amount 
of both acquisition and extinction 
training upon extinction and spon- 
taneous recovery. The asset of the 
particular design employed is that it 
enables simultaneous assessment of 
both the acquisition and extinction 
variables upon spontaneous recovery. 


MzTHOD 


Apparatus.—TYhe Wisconsin eyelid-condition - 
ing apparatus, described elsewhere (6, 16), 
was employed. Electronic differentiators per- 
mitted the recording of both the response and 
its first time derivative. The derivative per- 
mitted a more accurate recording of response 
latencies. 

"The CS lasted for 500 msec., and the UCS was 
administered 500 msec. after the onset of CS. 
The intertrial interval ranged from 25 to 35 sec., 
with an average of 30 sec. CR’s were defined as 
any response that occurred between 200 and 
500 msec. after the onset of the CS. The UCS 
was a puff of air to the left cornea, generated 
by the fall of a 150-mm. column of mercury. 
The CS was a sudden change in brightness of 
a milk-glass window, about 80 cm. in front of S, 
from 7 to 100 mL. 
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Subjects —The Ss were 92. men and women 
volunteers from introductory psychology courses 
at the University of Wisconsin. They were 
assigned randomly to one of the 18 experimental 
conditions, and received partial course credit 
for their services. Two Ss were discarded be- 
cause they made no recordable UCR to the puff 
stimulation, so that the data of only 90 Ss were 
employed in the final analyses. 

Design and procedure.—The experiment in- 
volved a 3 X 3 orthogonal design with three 
levels each of acquisition and extinction training. 
The Ss received 20, 40, or 60 acquisition trials 
followed by 0, 10, or 30 extinction trials. Ap- 
proximately 24 hr. later each S was given 30 
spontaneous recovery test trials. All Ss re- 
ceived neutral instructions and were run under 

' light-adapted conditions in order to minimize 
the presence of sensitized beta responses (4). 


RrsurTS AND Discussion 


Extinction.—The ^ percentage of 
~ CR's in blocks of five extinction 
trials during extinction is presented 
in Fig. 1, and analyses of variance 
and trend are summarized in Table 
1? Each of the points for the first 
10 trials are based upon 20 Ss. The 
analyses of variance and trend are 
based upon the 10 Ss in each of the 
ree acquisition groups who received 
1 30 extinction trials. 


f 20 Acquisition o 
N 40 acausimion o 
0 ACQUISITION © 


> [7 = EJ 
EXTINCTION . TRIALS 


Fic. 1. Percentage of CR's during extinc- 
tion in five-trial blocks of the T groups. The 
initial point on each curve is the average per- 
centage of CR's for the final five acquisition 
trials for each group. 


? An arcsine transformation is suggested by 
Snedecor (18), and] is used in all subsequent 
analyses of percentage of CR scores. 
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TABLE 1 


ANALYSIS OF VARIANCE AND TREND OF 
Extinction Data 


Source error de F 
A. Over-all trend E 5 5.98** 
1. Linear E-1 1 11.50** 
2, Quadratic E2| 1 1.30 
B. Between-group D 2 2:90 
means 
C. Between-group E: | 10 3.28** 
means 
l. Linear El} 2 3.66* 
2. Quadratic E-2 2 6.05** 
D. Between-indiv. E. | 27 336% 
means 
E. Between-indiv. 135 | (344.62) 
trend 
1. Linear 27 RG 
2. Quadratic 27 | (371.15 


Note.—Trend components beyond the quadratic 
were analyzed, but are omitted here since none proved 
to be significant. Values in parentheses are mean 


As shown in Table 1, the over-all 
linear trend is significant, which 
implies that the best fitting straight 
line to all points deviates significantly 
from slope zero. Due to the asymp- 
toting nature of extinction curves, a 
significant over-all quadratic com- 
ponent was also expected, but failed 
to materialize. 

The significant  between-groups 
linear and quadratic components of 
trend, shown in Table 1, in conjunc- 
tion with the nearly parallel extinc- 
tion curves of the 40- and 60-trial 
acquisition groups suggest a stable 
upturn in the extinction curve of the 
20-trial acquisition group. Such up- 
turns have occurred in the data of 
Reynolds (17) with massed extinction 
training, by Grant, Riopelle, and 
Hake (5) with patterns of rein- 
forcement, and by Grant, Schipper 
and Ross (6) with intermittent rein- 
forcement and massed training. 
While it is possible that these up- 
turns are an artifact of a few unusual 


IF. 
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Ss, the frequency with which they 
show up suggests that an investigation 
of the phenomenon is in order. 
Spontaneous recovery.—Average per- 
centage of CR's in the spontaneous 
recovery test is shown in Fig. 2 
in blocks of five trials. Table 2 
summarizes the analyses of variance 
and trend based upon the five-trial 
blocks. Although some groups show 
reversal, the over-all linear trend is 
significant, indicating an over-all de- 
ctease in responding during the 
spontaneous recovery test trials. As 
in the case of the extinction data, 
the expected significant over-all 
quadratic trend did not occur. 
Between-group mean percentages 
of CR's as a function of both acquisi- 
tion and extinction are significant. 


20 ACQUISITION TRIALS. 
30EXT.* 
I10EXT, e 


40 ACQUISITION TRIALS 
30EXT. e 
10EXT € 

OEXT 0. 


60 ACQUISITION TRIALS 
30EXT.® 
10EXT. © 

OEXT o 


E) 70 15 E 
SPONTANEOUS RECOVERY TRIALS 


Fic. 2. Percentage of CR's in spontaneous 
recovery in five trial blocks as a function of 
amount of acquisition and extinction training. 
Number of extinction trials is the parameter. 
The initial point on each curve is the total 
percentage of CR’s on the last five acquisition 
or extinction trials for each group- 
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TABLE 2 


Awatysts OF VARIANCE AND TREND OF 
SroxrAxEoUs Recovery Data 


Source EN? F 
A. Overall trend (E | (5| [6.64**] 
1. Linear E-1 1 15.97% 
2. Quadratic E-2 1112/23; 
B. Between-group (D) | (8| [3.18**] 
means 
1, Acquisition D 2| 489** 
2. Extinction D 2| 473* 
3. Interaction D 4| 1.54 
C. Between-group (E) | (40)| [1.50*] 
1 pps (E-1) | (8) £1.90] 
. Linear m ab 
a. Acquisition E-1 2.76 
b. Extinction E-1 = 
c. Interaction El 4| 194 
2. Quadratic (E-2) | (8| E244*] 
a. Acquisition E2 2| 3.18* 
b. Extinction E-2 2 — 
c. Interaction E-2 4| 3.16* 
D. Between-indiv. E 81| 3.99" 
means 
E. Between-indiv. 405 | (371.88) 
trends 
1. Linear 81 | (630.03) 
2. Quadratic 81 | (338.07) 


Note.—Trend components beyond the quadratic 
were analyzed, but are omitted here since none proved 
to be significant. Values in parentheses are mean 


The total percentages of CR’s during 
the spontaneous recovery test trials 
are 25.4, 22.5, and 11.7 following 20, 
40, and 60 acquisition trials, respec- 
tively. The direction of this relation- 
ship was entirely unexpected, and 
does not conform to the sparse data 
(7, 19) which previous investigators 
have reported. These data are also 
opposite in direction to what would 
be predicted from’ statistical learning 
theory as presented by Homme (7); 
and they do not appear to be predict- 
able from any theory which views 
extinction as the process of inhibition 
overcoming an established S-R rela- 
tionship. More parametric informa- 
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TABLE 3 


t Tests OF SPONTANEOUS RECOVERY 
AND REGRESSION 


Acquisition Trials 


Extinction 
Trials 
20 40 60 

0 4.49%* 2.39* 5.81** 
10 —1.64 —.68 —.80 
30 43 —1.62 73185 

*P = 05 

**P = 01 


tion on this result is desirable, since 
it is most likely a result of the particu- 
lar range of acquisition trials em- 
ployed in this study. More explicitly, 
for example, with fewer than 20 
acquisition trials it might be expected 
that response strength would not 
have built up enough to permit much, 
if any, spontaneous recovery. 

As a function of 0, 10, and 30 
extinction trials, total percentage of 
CR’s in spontaneous recovery test 
trials are 23.7, 25.5, and 10.7. In 
general, and in accord with prior 
research (1, 7, 8, 14, 15, 19, 20), the 
significant between-groups means as 
a function of amount of extinction 
training indicates that as extinction 
training increases, the amount of 
responding in spontaneous recovery 
decreases. 

Differences in the quadratic com- 
ponents of trend due to the variable 
of amount of acquisition training were 
significant. This appears to be pri- 
marily a function of the contrast of 
the spontaneous recovery curves of 
the 20-trials group with the 40- and 
60-trials groups. In Fig. 2, two of 
the three curves following 20 acquisi- 
tion trials, if anything, suggest an 
upturn, while the curves following the 
other acquisition levels are of essen- 
tially downward trend. 

The quadratic components of trend 
related to the interaction of acquisi- 
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tion and extinction training is sig- 
nificant. -This trend component can 
become significant in such cases as, 
for example, when there is no dif- 
ference in the quadratic components 
across all extinction levels for a 
particular acquisition level, while a 
difference does exist across extinction 
levels for another acquisition level. 
'The meaning of the interaction in the 
present case, however, is obscure. 

Table 3 presents ? tests of spon- 
taneous recovery and regression.? The 
tests are based upon the differences 
between the percentage of CR's in 
the final five acquisition or extinction 
trials and the first five spontaneous 
recovery test trials. The only sig- 
nificant amount of spontaneous re- 
covery, as indicated by this measure, 
was shown by the group that had 
received 60 acquisition trials followed 
by 30 extinction trials. "There were 
significant amounts of spontaneous 
regression following each of the three 
acquisition conditions. This spon- 
taneous regression cannot be predicted 
directly from an inhibition frame- 
work. Unless special assumptions are 
made about what transpired during 
the 24-hr. interval between acquisi- 
tion and extinction, an inhibition 
formulation leads to the prediction 


*The term “spontaneous regression” is bor- 
rowed from Estes (2), and refers to the de- 
creased proportion of responding related to the 
passage of time between an acquisition session 
and a subsequent acquisition or extinction 
session. 

‘The analysis reported is based upon the 
difference between the percentage of CR scores. 
Another analysis based on the differences be- 
tween the arcsine analogs of the scores differed 
only in that the amount of spontaneous regres- 
sion following 40 acquisition trials fell short of 
the .05 level of significance. Note, too, that 
employing percentage of CR's over the last 
five trials of acquisition or extinction and the 
first five spontaneous recovery trials introduces 
a bias with respect to an "ideal" measure taken 
on the first spontaneous recovery trial. 
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TABLE 4 


PERCENTAGE oF Extinction CR’s 


Number of Acquisition Trials 


Extinction 
20 40 * 60 
Immediate 16.3 8.7 25.7 
Delayed 25.7 24,3 17.7 


of a certain amount of above-acquisi- 
tion-level performance at the begin- 
ning of the extinction session. 

Table 4 presents total percentage 
of CR’s for those groups of Ss who 
received 30 extinction trials immedi- 
ately and those who received 30 
extinction trials 24 hr. after the end 
of acquisition training. Although to- 
tal responses are, unexpectedly, 
greater in general across all acquisi- 
tion conditions for the groups which 
received delayed extinction trials, this 
trend is not significant by analysis of 
variance. Since the percentage of 
CR’s in the initial block of five 
extinction trials is greater for those 
groups which received immediate 
extinction, the observed nonsignifi- 
cant trend indicates relatively greater 
resistance to extinction when the 
extinction trials are not administered 
immediately. The main effect of 
number of acquisition trials and the 
interaction effect are not significant. 


SUMMARY 


Ninety introductory psychology students 
served in an eyelid-conditioning study designed 
to determine the effects, on extinction and 
spontaneous recovery, of varied amounts of 
acquisition and extinction training. It was 
found that with an increase in acquisition train- 
ing resistance to extinction increased while 
amount of responding during spontaneous re- 
covery test trials decreased. 

In accord with prior research, an increase 
in the amount of extinction training decreased 
resistance to extinction during spontaneous 
„recovery test trials. The significant amounts 
of spontaneous regression were interpreted as 


not favorable for an inhibition theory of ex- 
tinction, while the high rate of spontaneous 
recovery responding associated with the fewest 
number of acquisition trials was considered to 
be inconsistent with statistical learning theory. 
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DELAY OF INFORMATION FEEDBACK * 
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Reynolds and Adams (3) have 
reported a study in which delay of 
information feedback produced im- 
proved performance during learning 
and sustained superior performance 
during a nonreinforced transfer condi- 
tion. More recently Archer, Kent, 
and Mote (1) reported the results of a 
long-term learning experiment in 
which delay of information feedback 
was studied also. Unlike the Reyn- 
olds and Adams study, which used 
the rotary pursuit task, the latter 
study used a more complex tracking 
task, the Pedestal Sight Manipulation 
Test (PSMT). Also unlike the Reyn- 
olds and Adams study, Archer, Kent, 
and Mote obtained negative results 
in terms of effect of delay of informa- 
tion feedback. 

The present study was intended as 
a retest of the Reynolds and Adams’ 
phenomenon. Two changes were 
made in the conditions, however: 
(a) the number of transfer trials 
was increased to better observe any 
changes in the anticipated superior 
performance, and (b) after the 
specified delay the feedback to S was 
continuous rather than discrete. It 
was anticipated that the latter change 
would maximize the facilitating effect 
of delayed information feedback. 


l'This research was supported by a grant 
from the Research Committee from funds pro- 
vided by the Wisconsin Alumni Research 
Foundation, The writers are also indebted to 
the Numerical Analysis Laboratory for its 
assistance in the statistical analyses involved 
in this research, 


METHOD 


Subjects —Seventy-five men students from 
introductory psychology courses at the Uni- 
versity of Wisconsin served individually for one 
session. The men were assigned randomly to 
one of five groups of 15 Ss each. 

Feedback conditions—The five groups cor- 
responded to the duration S had to be continu- 
ously on target before he heard a 1000-cps tone. 
These delay of information feedback intervals 
were .0, .2, 4, .8, and 1.6:sec. The tone signal 
was produced by a Jackson audio oscillator and 
a 5-in, loudspeaker. The speaker was mounted 
about 1 ft. from the pursuit rotor and produced 
a clearly audible but not unpleasant tone. ‘The 
tone was heard continuously for the time S 
remained on target in excess of his group’s 
delay condition. If, for example, an S in the 
.2-sec. group made contact with the target for 
„5 sec. continuously, he heard a tone for the last 
.3 sec. 

Apparatus.—The Ss tracked a .75-in. brass 
target which revolved at 60 rpm on a 5-in. orbit, 
The turntable had a radius of 6 in, and its speed 
of rotation was calibrated with a stroboscope 
before each S began his session. The S used a 
hinged stylus which had a 1/16-in. rolling steel 
ball for a tip. 

The S's performance was recorded by a Track- 
ing-time Analyzer (1). Since this device re- 
corded a frequency distribution of various 
durations of time continuously on target, it also 
was used to provide S with the delayed feedback 
signal. Whenever the counter corresponding 
to the delay period was fired, S heard a 1000-cps 
tone. 

In order to restrict the feedback to the tone, 
the Tracking-time Analyzer was enclosed in a 
partially soundproof box. In addition, a large 
electric fan was turned on to mask any residual 
cues. Under these conditions the tone was the 
only information feedback available to S in 
addition to his own visual cues. The analyzer 
was calibrated twice a day, before the morning 
and afternoon testing sessions. 

Instructions —All Ss were given general 
instructions regarding the nature of the task, 
including a demonstration of the best way to 
track the target, and of the tone. Each S was 
told the length of time he had to stay on target 
continuously in order to hear the tone and the 
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Fic. 1. Mean percentage of time on target as a function of trials of practice. The tone feed- 
back could only be heard during the first 30 trials. The delay, in seconds, of information feedback 
for the five groups is indicated by the values in the upper left corner. 


length of a trial and intertrial rest, but he was 
not told the number of trials or the specific 
length of the experimental session, The Ss were 
told to look at magazines during rest intervals. 
Answering any questions except those specifi- 
cally related to instructions was deferred until 
the end of the experimental session. Instruc- 
tions were tape recorded and were identical 
except when different delay intervals were 
indicated. 

Task.—All Ss had forty-five 30-sec. practice 
trials with a 30-sec. rest between each trial. 
Only during the first 30 trials could S receive the 
tone feedback. After Trial 30, and during the 
regular 30-sec. rest, the loudspeaker was by- 
passed and S did not hear the tone again no 
matter how long he stayed on target. The S 
was informed of the change of conditions at this 
time but was encouraged to make the best 
possible score on every trial. 


REsULTS 


In addition to the total time on 
target (TOT) per trial, the longest 
hit (LH) per trial and the mean hit 
(MH) per trial were determined for 
each S. The first of these was ob- 
tained from the calibrating clock of 
the Tracking-time Analyzer. The 


second was taken as the midpoint 
of the interval in excess of the highest 
counter activated. The last named 
measure was determined by dividing 
the total time on target by the 
total number of hits. 

As would be expected, these three 
measures are highly correlated with 
each other. During Trials 1-30, in 
which the tone was being presented, 
TOT correlated .95 with MH and 
.89 with LH. The correlation be- 
tween MH and LH was .87 (c, = .02). 
During the last 15 trials (31-45), 
when no tone was presented, the 
correlation of TOT with MH was .96 
and with LH it was .81. The cor- 
relation between MH and LH was 
.87 (e, = .03). 

In view of these high correlations 
the data for only one of the response 
measures, total time on target, will 
be presented. As may be seen in 
Fig. 1, the five groups were very nearly 
equal initially and did not differentiate 
from one another even after 45 trials. 


PURSUIT ROTOR PERFORMANCE 


The .2-sec. delay group appeared 
slightly superior to the others, es- 
pecially during the No Tone period, 
but this advantage was not significant. 

An extended trend analysis (2) was 
run for each of the three response 
measures and the two conditions of 
information feedback. In each case 
there were no significant differences 
between the groups. Only the be- 
tween-individual and the over-all 
linear and quadratic terms were 
significant. 

The significant over-all linear and 
quadratic terms indicate a nonlinear 
increase in performance with practice. 
The significant between-individual 
means, slopes, and quadratic terms 
reflect individual differences. The 
absence of any significant between- 
groups terms indicates the ineffec- 
tiveness of the delayed feedback 
variable. 


Discussion 


There appears to be but one conclusion 
to draw from the present experiment. 
Delay of information feedback is not an 
effective variable in the acquisition of 
skill in rotary pursuit tracking. Ap- 
parently the visual feedback is sufficient 
to account for $'s performance and the 
effect of any additional feedback is 
negligible. An alternative hypothesis 
does emerge, however, in view of at 
least two differences between the present 
study and that by Reynolds and Adams. 
Both differences probably would result 
in higher motivation in the Ss of the 
latter study. Their Ss (a) served in 
groups which probably fostered competi- 
tion, and (/) were Air Force basic 
trainees. It is quite probable that many 
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of the trainees suspected that their 
performance could determine, to some 
degree at least, their assignment to an 
Air Force career field. Since career- 
field assignment is a topic of considerable 
discussion and importance to a basic 
trainee, it seems likely that the click was 
highly rewarding as well as informative. 
At least it seems probable that it was 
more rewarding than the tone was to the 
college students of the present study. 
Accordingly, the alternative hypothesis 
is that the effectiveness of delay of 
information feedback is a function of 
the level of motivation of the Ss. 


SUMMARY 


Five groups of 15 men each learned a rotary 
pursuit task for 45 trials. During the first 30 
trials, Ss heard a 1000-cps tone after being on 
target continuously for one of five durations. 
These delay of information feedback intervals 
were .0, .2, .4, 8, and 1.6 sec, During the last 
15 trials no tone was heard. 

The results were negative in that different 
delays of information feedback did not signifi- 
cantly affect performance. These results were 
unlike those of Reynolds and Adams (3). An 
explanation in terms of different motivational 
effects of information feedback was offered. 
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A SCALE OF APPARENT INTENSITY 
OF ELECTRIC SHOCK! 


S. S. STEVENS, A. S. CARTON, anv G. M. SHICKMAN 


Harvard University 


The purpose was to construct a 
ratio scale for the subjective magni- 
tude of the sensory response that 
results when 60-cycle current is passed 
through the fingers, and to compare 
this scale with the category scale ob- 
tained under similar circumstances. 
Although the sensation of electric 
shock is interesting in its own right, 
a main point of this study was to 
determine whether Ss can make 
quantitative judgments (method of 
magnitude estimation [5]) on a con- 
tinuum with which they have had no 
experience. This question is relevant 
to the argument sometimes made that 
magnitude estimations are dependent 
on the prior association of sensed 
magnitude with known stimulus con- 
ditions. Another point of interest 
concerns the quantitative relation 
between sensed magnitude and stim- 
ulus magnitude. Is this relation 
similar in form to the one that obtains 
on prothetic continua, ie, is it a 
power function? And if so, what is 
the exponent? 

A further question concerns the 
relation of this function to the loud- 
ness function observed in patients 
whose auditory nerve was stimulated 
directly by an electric current. The 
fact that these two functions of 
electrical stimulation turn out to be 
rather similar, but quite different from 
the loudness function determined with 
acoustic energy, may have a bearing 
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on the role played by the sense organ 
in determining the rate of growth of 
sensation magnitude. 


Ratio-ScaLe STUDIES 


Experiment I 


Method.—Three separate experiments were 
run to determine the ratio scale for apparent in- 
tensity of electric shock. The first (conducted 
by Carton) was in the nature of a preliminary 
exploration. The apparatus consisted simply of 
a Variac voltage control whose output was 
stepped up by a “power transformer.” A 
100,000-ohm resistor in series with the output 
of this transformer made the system behave ap- 
proximately as a constant-current source, with 
the result that variations in the resistance of the 
fingers had negligible effect on the current. The 
current was measured with the aid of a vacuum- 
tube voltmeter by noting the voltage drop across 
a 10,000-ohm resistor in place of the fingers. 
Two fingers (usually the first and third) of one 
hand were immersed up to the first joint in salt 
solutions in two glass jars, on the inside of which 
were fastened metal electrodes. Fingers with 
cuts or abrasions were not used. The Æ ad- 
ministered the shock by closing a mercury switch 
for a period of about 1 sec. 

Written instructions were given as follows: 
“I am going to present you with a series of cur- 
rents of different intensities. Your task is to 
tell me how intense they feel by assigning num- 
bers to them. The first intensity we will call 
‘10.’ Your task will be to estimate the intensity 
of each stimulus in the series. Try to assign 
numbers proportional to your subjective impres- 
sion of each stimulus. "Try not to worry about 
being consistent, but try to give the appropriate 
number to each stimulus regardless of what you 
have called some previous stimulus." 

The E then presented the standard stimulus 
(.79 milliamp.) and reiterated that its apparent 
intensity should be called “10.” He then pre- 
sented the other stimuli twice each in an irregular 
order—a different order for each of 10 Ss (gradu- 
ate students and staff members). The "stand- 
ard" value of the stimulus was also presented a$ 
a stimulus to be judged along with the other 
values. 
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APPARENT INTENSITY OF ELECTRIC SHOCK 


Results.—In Fig. 1 are shown the 


medians (filled triangles) and the 
geometric means (unfilled triangles) 
of the magnitude estimations. It is 
clear from these results that the mag- 
nitude estimations approximate a 
straight line in a log-log plot and, 
therefore, that subjective intensity is 
approximately proportional to the 
value of the current raised to a power. 
The exponent is about 3.5. 

Actually the triangles in Fig. 1 
suggest that at the high current values 
the growth of the sensation becomes 
less steep. This results mainly from 
the fact that 4 of the 10 Ss gave the 
same numerical estimate for the top 
two stimuli. As a check on this 
matter, these two stimuli were pre- 
sented one after the other to each of 
the four Ss and they were asked 
whether the two currents felt the 
same. The answer was No in every 
case. It appears, therefore, that the 
decreased slope in Fig. 1 may not be 
representative, although it is not im- 
probable that the curve turns over at 
high levels. 

It should be noted that the stronger 
currents used in this experiment were 
very disagreeable. People do not like 
to be shocked, even by weak stimuli, 
and they find strong stimuli decidedly 
aversive. Nevertheless, they can ap- 
parently judge subjective intensity 
with fair consistency. 


Experiment II 


Method—For Exp. II (conducted by. Shick- 
man) the apparatus was modified to provide 
more exact control of the duration of the shock 
(.5 sec) and to relieve S of the tension-generating 
process of having to wait for the onset of the 
current without knowing when to expect it. A 
key was provided by which he could initiate its 
onset whenever he was ready. The standard 
stimulus; to be called “10,” was set at 37 milli- 
amp. and this stimulus was presented at the be- 
ginnings of both the first and second runs. 
Otherwise the procedure was the same as in 
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Fic. 1. Three experiments on the estimation 
of the apparent intensity of electric current. 
The filled points are medians; the unfilled points 
are geometric means. The vertical lines through 
the circles mark off the interquartile ranges. 


Exp. I. It should also be noted that the series 
resistor was increased to 250,000 ohms in this and 
Exp. III and IV. The Ss were 15 graduate 
students and staff members, two of whom were 
females. Four Ss had served in Exp. I. Previ- 
ous participation seems to have no systematic 
effect on the form of the resulting magnitude 
functions in these experiments. 


Results —The medians (filled cir- 
cles) and the geometric means (un- 
filled circles) are shown in Fig. 1, 
where it may be noted that the slope 
of the function is a little steeper than 
that determined in Exp. I. The 
weakest current used in Exp. II was 
so close to threshold that on almost 
one-third of the presentations S 
reported no sensation. These blank 
responses were omitted in computing 
medians and geometric means. Some 
impression of the variability among 
the judgments in experiments of this 
sort is conveyed by the vertical lines 
through the circles in Vig. 1. These 
lines mark the interquartile ranges. 
The variability is perhaps a little 
greater than it is in comparable ex- 
periments on loudness (cf. 5). The 
general agreement between the med- 
ians and the geometric means in Fig. 1 
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shows that the variability is skewed 
against a linear measure of the 
magnitude estimates, but is fairly 
symmetrical against the logarithm of 
the estimates. 


Experiment III 


Method.—Experiment III (conducted by 
Stevens) was similar to Exp. II, except that a 
new value (.5 milliamp.) was chosen as the 
standard to be called “10.” This standard was 
presented only at the beginning of the session. 
As before, each stimulus was presented twice and 
the order of presentation was different for each 
of 10 Ss, Four Ss had served in Exp. I or II. 


Results—The medians (filled 
squares) and the geometric means 
(unfilled squares) in Fig. 1 confirm the 
approximate power function found in 
the two earlier experiments. One 
point is rather far off the line, how- 
ever. This fact points up one of the 
problems that arise in magnitude 
estimation, namely, the *round-num- 
ber" tendency. 'The weakest stim- 
ulus used was sufficiently close to 
what the median S would normally 
call “1” so that half the Ss reported 
this convenient value for at least one 
of their judgments. On the other 
hand, the circles in Fig. 1 show that 
over this low end of the stimulus 
range the slope is not as steep as the 
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MAGNITUDE ESTIMATION 


Fic. 2. Category scale of apparent intens- 
ity of shock plotted against the scale determined 
by magnitude estimation. The curvature is 
typical of category scales on prothetic continua. 
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squares would suggest. The use of 
different standards; as in these three 
experiments, often provides a con- 
venient means of detecting distortions 
due to preferences for particular 
numbers. 

Note, incidentally, that two of the 
filled circles fall opposite: the same 
value on the ordinate. The value “5” 
is a popular estimate when the stand- 
ard is called “10” and the stimulus 
seems roughly half as strong as the 
standard. 


CarEGoRYy-ScALE STUDY 


Experiment IV 


Method.—lf the perceptual continuum of 
electric shock is a prothetic continuum, the cate- 
gory scale should be nonlinearly related to the 
ratio scale obtained by magnitude estimation 
(10). In order to test this hypothesis, a cate- 
gory scale was erected with the same stimuli as 
those represented by the squares in Fig. 1. The 
S was first presented with the weakest current 
(.33 milliamp.) and told to call it ^1." He was 
then given the strongest stimulus (.84 milliamp.) 
and told to call it “7.” He was then asked to 
rate the various stimuli on a scale from 1 to 7. 
In other words, the procedure was that of the 
classical experiments in which people try to 
assign successive numbers to values that seem 
equidistant from one another, i.e., to use the 
numbers to mark off equal-appearing intervals. 
Each of 8 Ss judged each stimulus twice in a 
different irregular order. Six of the Ss had 
served in one or more of the experiments on 
magnitude estimation. 


Results.—In Fig. 2 the average 
category assignments are plotted 
against the scale of magnitude estima- 
tion, i.e., against the scale determined 
by the middle line in Fig. 1. As seems 
to be universally true on prothetic 
continua, the category scale is concave 
downward when plotted against the 
scale of subjective magnitude. 


Discusston 


Although the direction of the curva- 
ture of the category scale seems to be 
invariant over all prothetic continua, the 
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degree of the curvature can be altered by 
the spacing of the stimuli. Evidence 
from numerous other experiments (10) 


suggests that the curvature in Fig. 2. 


could be decreased by spacing the stimuli 
closer together over the high end of the 
range, or increased by spacing them 
closer together over the low end of the 
range. On the other hand, the form of 
the ratio scale of subjective magnitude, 
obtained by magnitude estimation, is 
essentially invariant with stimulus spac- 
ing (3). This fact suggests that, for 
the measurement of subjective magni- 
tude, the ratio scale is superior to the 
inconstant and demonstrably nonlinear 
category scale. Actually, these category 
scales turn out not to be proper interval 
scales of subjective magnitude, even 
though they are obtained by methods 
that ask S to try to partition a continuum 
into equal-appearing segments. As ex- 
plained elsewhere (10), the asymmetry 
of S’s responsiveness to differences—the 
fact that a given difference near one end 
of the scale is more impressive than the 
same difference near the other end of the 
scale—makes it impossible for him to 
partition a prothetic continuum without 
a systematic bias. It is mainly this bias 
that produces the curvature in Fig. 2. 

The foregoing facts and argument may 
help to explain why Swartz's experiment 
(11) on electric shock applied to the tooth 
to produce a sensation of pain resulted 
in a scale that was approximately linear 
with current. He used a method of 
bisection and, except for a large hys- 
teresis effect (cf. 7), his results are not 
unlike those obtained by category scal- 
ing. If plotted against current, the 
points in Fig. 2 would fall reasonably 
close to a straight line. This fact, how- 
ever, should not be taken as evidence 
that subjective intensity is proportional 
to current. It may be that, if Swartz 
had asked his Ss to make direct estima- 
tions of the apparent magnitude of the 
pain they experienced, the results would 
have produced an accelerated. function 
like that in Fig. 4. 

Adaptation.—W hen the current is set 
at a fairly high value and left on for a 
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few seconds a certain amount of adapta- 
tion appears to take place. This is 
evidenced by the fact that the threshold 
becomes elevated. On the other hand, 
there seems to be little if any change in 
sensitivity to the short-duration shocks 
used in the present experiments. This 
fact is demonstrated in Fig. 1 where we 
note that the same currents used as the 
standards were not judged significantly 
different from “10” when they were 
subsequently presented for judgment. 
It is also significant that there was no 
systematic tendency for the judgments 
to be lower on the second run than on the 
first run through the series. 

A subjective scale.—By an adjustment 
of the vertical scales of the three sets of 
data in Fig. 1, the points can be brought 
into approximate coincidence and plotted 
as a single line in a log-log plot. This 
has been done in Fig. 3. With both 
the abscissa and the ordinate adjusted 
to the same modulus, the function turns 
out to be very steep. The over-all slope 
is close to 3.5, which indicates that the 
apparent intensity of the shock grows 
approximately as the 3.5 power of the 
current. 

At this point it seems in order to define 
a unit for this subjective scale and give 
it a name. The unit may conveniently 
be defined as the subjective impression 
experienced by the typical $ when a 60- 
cycle current of .3 milliamp. is passed 
through his fingers. Since this unit is a 
kind of "subjective ampere,” it will be 
called a samp. In terms of this unit, the 
apparent intensity $ of electric shock is 
approximated by the formula 


$ = 67.6 I*5 


where J is current in milliamperes. 

A plot of this function in linear 
coordinates produces the sharply ac- 
celerating curve shown in Fig. 4. Al- 
though the evidence of the foregoing 
experiments makes it clear that the 
growth of sensation becomes more and 
more rapid as the current is increased, 
the exact formula should be regarded 
more as an approximation than as a 
precise rule. The exponent is probably 
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Tic. 3. The geometric means from Fig. 1 

. were adjusted vertically to fall along a common 

line in a log-log plot. The ordinate value of 1 

samp is made to coincide with a current of .3 
milliamp. The slope of the line is 3.5. 


correct in order of magnitude, but it has 
not yet been checked by other ratio- 
scaling methods (9). It is also evident 
that the function may in some respects 
depart appreciably from a power func- 
tion. There is a tendency, possibly 
significant, for the function to be slightly 
concave downward in a log-log plot. 
Over the low current levels the exponent 
appears to be larger (of the order of 4 
or more) than it is when the current is 
stronger. 

Nevertheless, the function for shock 
is certainly different from that for some 
of the other sensory continua such as 
loudness (7), which grows as the .3 
power of the sound energy, or the .6 
power of the sound pressure. This 
difference suggests a rather basic differ- 
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ence in the physiological mechanisms 
involved. With loudness there is a 
process of “compression” in the sense 
that the psychological magnitude grows 
less rapidly than the stimulus magnitude, 
With shock there is a process of “ex- 
pansion”: the psychological magnitude 
grows more rapidly than the stimulus 
magnitude. 

Electrical stimulation of the auditory 
nerve.—Since the apparent intensity pro- 
duced by a current through the fingers 


` grows so rapidly with stimulus magni- 


tude, it becomes a matter of interest to 
inquire whether a similar rapid growth 
may occur when other nerves are 
stimulated electrically. 

In a study of the electrophonic effect 
(2), ears lacking tympanic membranes 
were stimulated by means of an electrode 
placed in the middle-ear cavity. Eleven 
patients heard pure tones, and seven 
heard only a buzzing noise whose 
character was more or less independent 
of the frequency of the stimulating 
current. It is these latter cases that are 
of interest here. Since it is clear that 
other nerves, such as the facial and the 
vestibular, were stimulated in some of 
these patients, it is reasonable to con- 
clude that the auditory nerve itself was 
sometimes directly affected by the cur- 
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Fic. 4. The function in Fig. 3 is plotted 
in linear coordinates. 
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rent. An unpatterned stimulation of 
the auditory fibers would account for the 
fact that a noise rather than a tone was 
heard. 

Fortunately for the present concern 
a brief study was made of the dependence 
of loudness on current in some of the ears 
whose auditory nerves seem to have been 
stimulated electrically. An acoustical 
stimulus was applied to the opposite 
(normal) ear, and the patient adjusted 
its loudness to match that of the noise 
produced by the current in the operated 
ear. This procedure demonstrated that 
the loudness of the noise grows very 
rapidly as the current is increased. For 
example, when the decibel increase in the 
acoustic stimulus required to keep the 
loudness equal in the two ears is plotted 
against the decibel increase in the current 
applied to the nerve, the slope of the line 


is almost exactly the same as that in | 


Fig. 3. 

'This suggestive similarity is not the 
whole story, however, for the relation 
of interest is that between current 
through the nerve and loudness in sub- 
jective units (sones). The sone function 
(4, 6) can be used to convert the sound 
pressure levels generated by the earphone 
into values proportional to loudness in 
sones, and these values can be plotted 
against the voltage applied to the 
operated ear. Some illustrative values 
are shown by the circles in Fig. 5. In 
this log-log plot the loudness is seen to 
grow very rapidly. The function is 
actually about four times as steep as the 
sone function determined acoustically, 
but it does not seem to be quite as steep 
as the line in Fig. 3. 

On the other hand, as Jones, Stevens, 
and Lurie (2) emphasized, the data in 
Fig. 5 underestimate the rate of growth 
of loudness under nerve stimulation. 
The reason is that, during the time re- 
quired to make the loudness match, the 
patients reported that the loudness of the 
noise fell off quite noticeably, especially 
for the stronger currents. Without this 
rapid “adaptation” the measured growth 
of loudness would presumably have been 
steeper. 
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Fic. 5, Showing approximately how loud- 
ness grew as a function of the strength of an 
electrical stimulus applied to the auditory nerve 
in a patient whose eardrum had been removed, 
The current was delivered by an electrode 
placed in the middle ear. This function is about 
four times as steep as that determined with an 
acoustical stimulus applied to a normal ear. 


If this fact is allowed for, it would 
appear that both the sensation of loud- 
ness and the sensation of shock in the 
fingers grow in approximately the same 
manner as the current is increased. The 
implication is that the "compression" 
observed when a method such as magni- 
tude estimation is used to determine the 
sone scale with acoustic energy is a 
function of the end organ, not of some 
higher center in the nervous system. 
When the electrical stimulus by-passes 
the end organ and acts directly on the 
nerve, there seems to result the same 
process of "expansion" noted in the case 
of shock (cf. 8). 

Although it is hazardous to draw con- 
clusions about sensory processes in 
human beings from observations made on 
nerye preparations in lower animal forms, 
it is not without interest that the rate of 
firing of an axone may also grow rapidly 
with the strength of an exciting current. 
In at least some instances the frequency 
of response in a single fiber seems to 
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grow in about the same manner as the 
functions in Fig. 3 and 5 (1, p. 76). 
A process of “expansion,” in the sense 
used here, appears to characterize the 
transduction of electrical into neural 
energy. Perhaps the steepness of the 
subjective scale of shock intensity is a 
straightforward reflection of this fact. 


SUMMARY 


By the method of magnitude estimation, Ss 
having no previous experience in judging electric 
shock made numerical estimations of the appar- 
ent intensity of an electric current applied 
through salt-water electrodes to the fingers of 
one hand, To a first approximation, these 
magnitude estimations determine a power func- 
tion in which subjective intensity S is related to 
current I by S = 67.6 [3-°, 

The exponent 3.5 is larger than any of the 
exponents previously determined for some 15 
other prothetic continua, but it is of the same 
order of magnitude as that observed when the 
auditory nerve is stimulated electrically. The 
difference between the exponents for acoustical 
and electrical stimulation suggests that the 
“compression” observed under acoustical stimu- 
lation is a function of the sense organ, not of the 
central nervous system. 

A category scale was determined by having 
Ss judge various currents on a scale from 1 to 7. 
Like the usual category scale on a prothetic 
continuum, this scale is concave downward 
when plotted against the ratio scale determined 
by magnitude estimation. 
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RELIABILITY OF JUDGMENTS OF FIGURAL 
COMPLEXITY ! 
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In a recent investigation of judg- 
ments of figural complexity of random 
shapes, Attneave (2) related scaled 
complexity values to measurable 
physical characteristics of the stimuli. 
Arnoult included the complexity con- 
dition of judgment in an experiment 
which also obtained ratings of random 
shapes in terms of size, familiarity, 
and esthetic qualities? Both experi- 
ments were administered to popula- 
tions of basic trainee airmen at a 
military instalation and employed 
similar ^ experimental procedures. 
Those shapes common to both stimu- 
lus populations had highly correlated 
complexity scale values. Other than 
this check there has been no investi- 
gation of the reliability of these 
judgments. 

The present experiment was de- 
signed to study the generality and 
reliability of judgments of figural 
complexity in terms of responses from 
diverse subject populations and dif- 
ferent methods of judgment and scal- 
ing. It also tests the assumption that 
results obtained from a sample of 
random shapes may be generalized 
to other samples from the stimulus 
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domain (3). Although planned as 
a group experiment, the design also 
permitted a preliminary analysis of 
consistency of individual judgments 
of figural complexity. 


METHOD 


Subjects.—One hundred Ss served in each 
of two experiments (total N = 200). The Ss 
were student officer cadets, recent college 
graduates, receiving training prior to being 
assigned to pilot school. They differed from 
the basic trainee Ss of Arnoult’s and Attneave's 
work in forming a more homogeneous group 
with regard to educational experiences, apti- 
tudes, and physical qualifications. A group 
of 10 or 15 was tested at one time. 

Apparatus.—The study was conducted in a 
large room equipped with dark shades, The 
stimuli were projected onto a 5 X 7-ft. screen- 
by means of 2 X 2in. slides. The shapes 
varied in size but subsumed, on the average, 
approximately 3° of visual angle. All stimuli 
were members of the 72-item nonsense shape 
population. employed by Arnoult. One half 
of the shapes were constructed by Method 1 
as outlined by Attneave and Arnoult (3), 
while the other half was constructed by their 
Method 2. Examples of the stimulus materials 
are shown in Fig. 1. In Part A, 20 shapes were 
selected to cover the range of complexity values 
obtained by Arnoult. All possible pairs (190) 
of the stimuli were presented once each. ‘These 
same 20 stimuli plus an additional 20 shapes 
chosen at random from the Arnoult population 
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Fic. 1. Samples of the 72-item nonsense 
shape population with complexity scale values 
obtained by Arnoult. 
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formed the stimulus materials for Part B. 
Experiment II replicated both parts of Exp. I. 
None of the stimuli used in Part A of Exp. I 
(paired comparisons) appeared in the corres- 
ponding part of Exp. II. In Part B (rating 
scale), however, the two experiments had eight 
stimuli in common. 

Procedure.—1n Part A, 20 shapes were judged 
in complexity by the  paired-comparisons 
method. In accordance with earlier studies, 
the term “complexity” was not defined for S. 
Instead, five practice pairs of shapes were 
presented; the first pair was chosen to have 
maximum difference in complexity (as defined 
by the Attneave equation [2]), the following 
pair had less difference in complexity, etc. In 
almost every instance S asked no further ques- 
tions. The 190 text pairs were presented each 
with a 5-sec. exposure time. One order of pair 
presentation was used for half of the Ss in each 
experiment, the other half viewing the stimulus 
pairs in the reverse order. The Ss recorded 
their responses on IBM answer sheets. The 
entire procedure occupied about 28 min. After 
a 5-min, break, Part B was administered. The 
Ss rated 40 shapes presented individually (5- 
sec. exposure) on a 5-point rating scale (the 
same procedure employed by Attneave [2] 
and Arnoult’), Response categories were “very 
complex,” "complex," "medium," “simple,” 
and “very simple.” 


Resutts AND Discussion 


Scaled complexity values were com- 
puted for Part A by Thurstone’s 
Case V (6) method and for Part B 
by Attneave’s Graded Dichotomies 
technique (1). The spread of scale 
values by both methods was zero to 
approximately 4.0. Reliability was 
assessed by examining the correlation 
between the two different measures 
of the same stimulus materials. The 
procedure has recently been discussed 
by Noble (8). The correlations of 
Part A with the Arnoult scale values 
were .94 for Exp. I and .98 for Exp. 
II (each correlation based on 20 
items). These correlations demon- 
strate the generality of the complexity 
scale across two different judgment 
and scaling methods when different 
subject populations are tested. Cor- 


3 See footnote 2. 
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relations of Part B (40 shapes) with 
the Arnoult scale values were .95 
for Exp. I and .96 for Exp. II, in- 
dicating the reliability of the rating 
scale values for different subject 
populations, When Parts A and B 
were intercorrelated (20 shapes), the 
coefficients were .92 and .98 for the 
separate experiments and .92 for 
the pooled data (40 shapes). Thus, 
reliability for different judgment and 
scaling methods is demonstrated for 
the same subject population. And 
finally, all three sets of correlations 
indicate reliability between  sub- 
samples of the total shape population. 


The result substantiates an assumption 
underlying current efforts to develop 
a psychophysics of form perception. 
Attneave and Arnoult (3) have assumed 
that one may sample from any popula- 
tion of shapes, or stimulus domain, 
which is characterized by determinate 
statistical parameters and may generalize 
results based on the sample to the popu- 
lation. In Part A of both experiments, 
a sample of only 20 shapes produced 
results which were consistent with those 
obtained from the group of 72 shapes. 
The same was true of samples of 40 
shapes rated in Part B. 


Investigation of reliability of the complexity 
scale on a group basis was the primary purpose 
of this experiment. In handling the data, 
it became apparent that useful information 
could be extracted concerning consistency of 
individual judgments. One would prefer for 
each S a measure of the width of the complexity 
scale interval which could be discriminated with 
stated probability, i.e, an interval analo- 
gous to a difference limen. In the literature 
there appears to be no precedent for approaching 
this problem, although Gerard and Shapiro (4) 
have discussed a method for determining degree 
of inconsistency in paired-comparisons data. 
Therefore, two different descriptive techniques 
were examined. "The first was based on paired- 
comparisons data, the second on rating scale 
responses. Each had certain drawbacks as 
well as advantages. 

Method 1—The term “consistency” was defined 
in the following manner: all pairs of shapes 
having one member of the pair in common were 
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Fic. 2. Distribution of mean intervals of incon- 
sistency for paired-comparisons judgments. 


arrayed so that the comparison shapes fell in 
rank order from high to low complexity (scale 
values). An S would display perfect consistency 
of judgment for those pairs if all comparison 
shapes of rank value higher than » were judged 
as more complex than the standard (shape 
common to all pairs) and all shapes with rank 
value lower than n were judged as less complex. 
For any standard, the interval of inconsistency 
was defined as 


[n Mea bier 
7 V UM 


where: 


Lp was the scale value of the comparison shape 
with highest rank to which S's response was 
“less complex than standard" and such that 
every comparison shape of higher rank was 
judged “more complex." 

L,4 was the scale value of the shape with 
rank immediately higher than Lr, to which S's 
response was “more complex.” 

M, was the scale value of the shape with 
lowest rank value to which S responded “more 
complex than standard" and such that every 
shape of lower rank was judged less complex. 

Mea was the scale value of the shape with 
rank value immediately lower than M. The 
S's response was "less complex." For the 
paired-comparisons method it is possible to 
compute as many such intervals as there are 
stimuli. In this study, however, it seemed 
feasible to compute 10 such intervals, using 
as standard the shapes with scale values ranking 
6 through 15. A mean interval of inconsistency 
was computed for each S. Distribution of the 
mean interval of inconsistency for both experi- 
ments is shown in Fig. 2; medians are .65 and 
.70 complexity scale units, or approximately 
one sixth the total range of the complexity scale. 

In evaluating this degree of consistency one 
must recognize that the over-all complexity 
scale range was limited by the nature of the 


particular stimulus domain. With specification 
of other parameters, different and probably 


larger ranges of complexity scales could be 
obtained, For the present situation, Ss appear 
to have demonstrated a relatively high degree 
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Fic. 3. Distribution of variances computed 
by Method II (rating-scale judgments). 


of consistency of judgments. The advantage 
of Method 1 is the fact that the computed 
jnterval is directly related to the complexity 
scale continuum. On the other hand, it suffers 
from lack of independence of the comparison 
arrays for the different “standards.” Further, 
it equates the importance of all possible “L,” 
shapes regardless of the response to the Lega; 
Lys etc, shapes. It could be considerably 
improved by filling in both halves of the square 
matrix by experimental design, obtaining mul- 
tiple observations per cell, and clarifying its 
mathematical properties. Although the author 
is not aware that this exact approach has been 
previously discussed, it falls in line with work 
of Mosier (7) on “individual variability in test 
theory" and Glaser (8) on inconsistency of 
response. 

Method 2.—For each S a variance estimate 
was computed based on the difference between 
S’s rating for each stimulus item and the group 
mean rating for that item (40 stimulus items). , 
An error not larger than 1% may have been 
introduced into the results because the group 
item mean included the judgment of the particu- 
lar S under consideration. Results are graphed 
in Fig. 3. 

The variance measure computed by this 
method is not related to the complexity scale 
continuum. It indicates degree, but not 
direction, of consistent agreement with mean 
group ratings (not scale value) of shapes con- 
sidered individually. Compared to Method 1, 
its mathematical properties are clearer and more 
in accord with traditional descriptive techniques. 

Correlations of Methods 1 and 2 by S, for 
both experiments, are not significantly different 
from zero (—.18 and —.14). This should not 
be surprising since Method 2 measures the 
extent of S’s agreement with the group judgment 
of isolated shapes while Method 1 considers 
judgment of a pair of shapes in relation to all 
other pairs. As experimental techniques, 
Method 2 is appropriate for evaluating con- 


EU 

* Analysis of independent data (2, Footnote 2) 
has indicated that scale values obtained by the 
Attneave (1) method are approximately linearly 
related to mean ratings. 
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formance with group judgments while Method 1 
(in a more sophisticated version, perhaps) is 
demanded to study sensitivity of discrimina- 
tion along a multidimensional psychophysical 
continuum. 


Certain questions are raised by these 
results. Could Ss be trained to improve 
their consistency of judging figural 
characteristics such as complexity? Are 
there consistent individual differences 
in the relative weighting of specific 
physical characteristics—i.e., do some 
people "pay more attention" to sym- 
metry than to number of sides in judging 
complexity? How would changing the 
properties of the stimulus domain affect 
consistency of judgment? Is ability 
to discriminate complexity of random 
Shapes associated with ability to recog- 
nize and identify complex shapes? These 
problems await further research. 


SuMMARY 


Two groups of 100 Ss each judged the com- 
plexity of different samples of random shapes 
by both the paired-comparison and rating-scale 
methods. Intercorrelations and correlations of 
these scales with the Arnoult scale values all 
fell above .92. Judgments of figural complexity 
were shown to be consistent for different popula- 
tions using the same scaling method, for the 
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same subject population using different methods, 
and between different shapes from the same 
population. Two methods for evaluating in- 
dividual consistency of judgment were described, 
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GENERALIZATION OF AN INSTRUMENTAL RESPONSE WITH 
VARIATION IN TWO ATTRIBUTES OF THE CS* 


SHELDON H. WHITE? 
Towa Child Welfare Research Station 


The stimuli involved in a discrimi- 
nation usually differ on one physical 
dimension but have common values 
on others. If the difference between 
the distinguishing components of the 
stimuli is made larger, the discrimina- 
tion is learned more easily. This can 
be explained by the principle of 
stimulus generalization, as used in 
discrimination learning theories (3, 6). 

To date, studies of generalization 
have always involved the gradual 
alteration of one component of a CS 
while holding the others constant. 
Theory, however, has recognized the 
possibility that more than one com- 
ponent may be so varied and, by 
postulating summative rules for gen- 
eralized reaction tendencies, can pre- 
dict that discrimination learning will 
be superior with multiple, as opposed 
to single, dimensions of variation be- 
tween discriminanda. ‘This has been 
confirmed in several studies (1, 2, 8). 

This experiment was an attempt to 
demonstrate that novel stimuli differ- 
ing from a training stimulus along two 
physical dimensions will elicit fewer 
generalized responses than will novel 
stimuli which differ only on one of 
those dimensions. 


1 A portion of a dissertation submitted to the 
State University of Iowa in partial fulfillment of 
the requirements for the Ph.D. degree. The 
writer wishes to express his gratitude to Charles 
C. Spiker, who directed this research, and to Don 
Lewis, for valuable suggestions. John Peterson 
gave considerable aid in construction and main- 
tenance of the apparatus. 

? Now at the University of Chicago. 


METHOD 


Apparatus—The apparatus was a modifica- 
tion of one developed by Spiker (7) to study gen- 
eralization with children. It allows S to respond 
by repeated pulls of a handle during a trial. 

The stimuli were presented by an experimen- 
tal model of the Hunter Cardmaster, a device 
for the timed presentation of cards. This is a 
gray metal box, 14 X 14X 14 in, with a 
stimulus aperture 6 in. wide and 3 in. high. 
Within, a conveyor system slides a 6} X 3}-in. 
card from the bottom of a stack and presses it 
against the aperture. Black cloth curtains part 
to either side to reveal the card to S. When the 
curtains close, the card is returned to the top of 
the stack and a new one brought up. Each 
stimulus exposure lasted 3.8 sec., an interval 
which preliminary testing indicated would allow 
a sufficiently high rate of response for gradations 
in generalization to manifest themselves. Each 
intertrial interval lasted 3.5 sec. 

"The opening of the curtains closed a switch in 
the circuits of an impulse counter and a marble 
delivery device; these circuits were then com- 
pleted when S pulled the response handle $ in. 
towards himself. (A 3-Ib. pull would close the 
microswitch.) Thus, when the curtains were 
open, each pull would register on the impulse 
counter and cause a marble to be delivered. 
When they closed, the counting and marble 
delivery stopped. A hidden button enabled Æ to 
lock out marble delivery during any given trial. 

The handle protruded from the lower right- 
hand corner of a black wooden box on which the 
Cardmaster rested, and varied from waist to 
chest height for different Ss. Tubing, housed in 
a black box to the left, held a reserve of about 
300 marbles. These were delivered into a 
plastic pail at S's left. 

Stimuli.—The stimuli were 3 X 5-in. sheets 
of Munsell colored paper, covered with library 
tape and mounted on white plastic cards. In 
Table 1, the colors are schematized in the Mun- 
sell notation (5), which is of the form: Hue 
Value/Chroma. The colors were illuminated 
by a 100-w. bulb about 2 in. above, shielded to 
prevent glare. "The blinds of the various school- 
rooms used were drawn, to make this the princi- 
pal source of illumination of the stimuli. 

Procedure and Ss—The children were told 
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Fic. 1. Mean response rates 
and HL, as a function of variation in hue and lightness. 


they were to play a game, and that the way to 
win it was to fill a pail with marbles. The E 
Pulled the handle to two exposures of the training 
stimulus, and S was encouraged while pulling to 
six more. Occasionally, when S had not given 
three or more responses on each of two consecu- 
tive trials, he was given up to four more. Màr- 
bles were delivered on all pretraining trials. 

All Ss were then given 16 reinforced trials 
with the training stimulus and, without pause, a 
sequence of 8 nonreinforced test trials distributed 
among 12 reinforced presentations of the training 
stimulus. Either 1, 2 jor 3 reinforcements sep- 
arated one test trial from the next. 

The transition to testing produced a change 
in incidental stimulation. The color used in 


TABLE 1 


Muxs£LL Varues or Corors Usep 
AS STIMULI VALUE (LIGHTNESS) 


Hue 8/ 7/ 6/ 5/ 
10GY |/0GY $/610GY 7/6 10GY 6/6 l0GY 5/6 
SGY | SGY 8/6| 5GY 7/6 

10Y |10Y 8/6 10Y 6/6 

sy |5Y 8/6 SY 5/6 
Elda Pao rane 


10GY 8/6. 


per test stimulus in Groups H, L, 


training, being always the same, was presented 
by opening and closing the curtains on one card. 
During the last training trial, E closed a switch 
causing the Cardmaster thereafter to change 
cards at the end of each trial. Card changing 
produced a sound noticeable to S. The first 
trial of the testing sequence was, therefore, a rein- 
forced presentation of the training stimulus, in 
an attempt to counteract any change in behavior 
which might be produced by the new sound. 

There were three testing groups. Group H 
had four test stimuli: the training color and three 
others differing in hue, but of the same lightness. 
Group L had test stimuli varying in lightness, 
but of the same hue. The novel stimuli for 
Group HL differed from the training color in 
both hue and lightness. Each HL color con- 
tained a Group H hue and a Group L lightness * 
(Table 1). 

The Ss were kindergarten children in the 
Cedar Rapids public schools? who met a criterion. 
of not more than one error on Plates I-VI of the 


*'The writer wishes to thank Hale C. Reid, 
Director of Curriculum and Instruction for per- 
mission to use as Ss children of the public schools 
of Cedar Rapids, Iowa. Ruth Phillips, princi- 
pal of the Grant Wood School, and Florence 
Gritzner, principal of the Lincoln School, pro- 
vided facilities for, and made pleasant, the run- 
ning of Ss. 
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TABLE 2 


AwALYsES OF VARIANCE Comparinc Groups H vs. HL, anp L vs. HL, on 
Numper or Responses TO THEIR Four Test STIMULI 


H vs, HL L vs. HL 
Source af 
MS F MS F 
Bence n 47 
roups (G) 1 9.69 «1 150.00 9.12** 
Error (b) 46 11.04 16.44 js 
Within M 336 
Stimuli (S) 3 64.34 30.21*** 47.04 PONI SE 
Cycles (C) 1 83.44 71.951€ 45.37 18.52*** 
GXS 3 2.40 1.13 3.81 1.92 
GXC 1 1.63 1.41 1.26 «1 
sxc 3 3.11 2,80* 2.57 240 
GXSxC 3 0.03 «1 0.64 «1 
Error (w) 322 
Errori (w) 138 2.13 1.98 
Errors (w) 46 1.16 245 
Errors (w) 138 1.11 1.07 
Total 383 
ed 
** P < 01, 
wee P c 001. 


ISCC Pseudoisochromatic Colorblindness Test, 
administered before an experimental session. 
The data for 24 children were not used. Four- 
teen Ss—four from H, four from L, and six from 
HL—were interrupted by mechanical failure of 
the apparatus. Three HL Ss were dropped be- 
cause of procedural errors, and three other HL 
Ss because an extremely rapid rate of response 
overfilled their marble container. One S from 
H, and another from L, were eliminated because 
of distractions within the school. Two children 
failed to meet the color-blindness criterion. 
"There remained a total of 72 Ss, 24 in each group. 


RESULTS 

During training, Groups H, L, and 
HL averaged, respectively, 6.4, 6.5, 
and 6.6 pulls per trial. Analysis of 
variance did not reveal a significant 
difference between the groups. 

The left half of Fig. 1 shows the 
mean number of pulls per test stim- 
ulus, cycles given separately, for 
Groups H and HL. There is little 
difference between them on their first 
two test values, but Group H gives 
more responses than Group HL on the 


two furthest points. For both groups, 
responses to the 10GY (training) 
value in test trials were markedly 
greater than to the three novel test 
stimuli, which did not differ greatly in 
numbers of responses elicited. There 
is a decrease in response rate from the 
first to the second cycle of test trials. 
These effects, except for the difference 
between groups, were found to be 
significant in an analysis of variance 
(4) (Table 2). 

‘An analysis of variance with the 
factors shown in Table 2, but using 
only the data of the three novel test 
stimuli, was performed. In this anal- 
ysis, only the cycles effect was sig- 
nificant, at the .001 level. 

From the right half of Fig. 1, it is 
seen that (a) Group L gave more 
generalized responses to all four of its 
test stimuli than did Group HL to its 
corresponding stimuli; (b) a gradient 
of generalized responses sloping away 
from the training value is indicated; 
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(c) there is a decrease in responses 
from the first to the second cycle. 
Analysis of variance indicated these 
effects to be significant (Table 2). 

A repetition of this analysis using 
only the data of the three novel test 
stimuli of each group again showed 
these three effects, and no others, 
to be significant. 


Discussion 


The fact that more Ss were eliminated 
from Group HL than from the H and L 
groups together raises the possibility 
that some sampling bias was inad- 
vertently introduced. The most serious 
contamination would be in the selection 
of slower responders into Group HL, 
since evidence of this and other (8) 
studies tends to show low positive cor- 
relations between rates of response dur- 
ing acquisition and test trials. However, 
the acquisition data shows that all three 
groups gave about the same rate of 
response during training, and suggests 
that the groups' differences in generaliza- 
tion were probably not produced by 
selection of Ss. 

The hypothesis of the present study 
can be predicted by considering each 
attribute of the training stimulus to be 
a separately conditionable component, 
with its habit strength summating with 
that of other attributes to produce the 
habit strength for the compound CS. 
Hull's laws of primary stimulus general- 
ization and habit summation (3) would 
then predict that: (a) the three groups 
should respond identically on test trials 
to the training color; (4) the HL general- 
ization gradient should be below those of 
the other two groups; and (c) the HL 
gradient should be steepest. 

For Prediction a, we may note that the 
H, L, and HL groups averaged, respec- 
tively, 3.6, 4.1, and 3.5 responses over 
their two test trials to the training color, 
with nonsignificant differences. For 
Prediction 2, we note that Group L was 
significantly above, and Group H tended 
to be above, Group HL in numbers of 
responses on their generalization test 
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trials. With regard to Prediction c, it is 
evident in Fig. 1 that the differences 
between Groups H or L and HL are 
greater at the furthest test point than 
at the training point, as would be ex- 
pected. However, the Groups X Stimuli 
effect fails to approach significance in 
either analysis of Table 2. 

The above discussion of theory and 
test has disregarded the extinction effects 
which resulted from a counterbalanced 
testing procedure, and which affect the 
generalization curves. The comparison 
of test stimuli within Ss was based, as it 
usually is, upon a consideration of the 
great economy of Ss which the method 
provided. In terms of theory, at least, 
the predicted effects should usually 
manifest themselves despite distortions 
produced by this method. The predic- 
tion which is most vulnerable to distort- 
ing effects of extinction is c, that of 
differing slope for the HL, as compared 
to the H or L gradients. 


Summary 


Three groups of 24 kindergarten children were 
given 16 trials of training to pull a response 
handle freely during 3.8-sec. presentations of a 
colored stimulus. Two cycles of generalization 
test trials were then interspersed among rein- 
forced presentations of the training stimulus. 
Group H was tested on the training stimulus 
and three novel stimuli of the same lightness, 
but having graded differences in hue. The novel 
stimuli of Group L were like the training stimu- 
lus in hue but differed in lightness, while those 
of Group HL differed in both hue and lightness. 

The three groups did not differ in their rates 
of response during training. Group HL gave 
fewer generalized responses to its test stimuli 
than did Groups H or L to theirs, but only the 
comparison between L and HL was significant. 
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FACILITATION OF MIRROR-IMAGE WORD 
IDENTIFICATION BY MIRROR-IMAGE 
PERCEPTUAL SET 


SIDNEY S. CULBERT 


University of Washington | 


No thorough investigation has been 
made of the perceived similarity be- 
tween a mirror image and its obverse, 
though the matter has received some 
incidental attention. Attneave (1) 
in his insightful study on dimensions 
of similarity admitted (p. 525) that 
he had overlooked the factor of sym- 
metry in his first experiment and had 
to introduce it into his system as a 
new dimension when Ss unexpectedly 
reported one parallelogram as similar 
to another which was approximately 
the mirror image of the first. Henle 
(3) found the structural equivalence 
of a letter and its mirror reversal to 
provide a useful device in her investi- 
gation of visual form perception. 
Chou (2) pointed out that mirror 
reversal of a passage (an example 
of what he called "orientation of 
the first order") made for less diffi- 
culty in reading than when individual 
letters were reversed (“orientation of 
the second order"). The only ex- 
planation he offers is that “the word- 
Gestalt has been changed” in the 
latter case (2, p. 55). The present 
study is aimed at investigating the 
effect which was noted in these 
reports. More specifically the ques- 
tion may be put: Is the mirror image 
of a figure with left-right orientation 
(such as a word or numerical ex- 
pression) more easily identified if it 
appears on a field which is perceived 
as a mirror image? Situations of 
this type occur occasionally in every- 
day life. We see words or sentences 
reflected in mirrors; we see a reversal 
of the name of the soda fountain or 


beer tavern as we assuage our thirst | 
and glance idly at the plate glass 
front. Does the fact that the mirror 
image is properly oriented in accord- 
ance with our expectations make it 
easier to read than the same mirror 
image would be in a situation in which 
a mirror image would not fit our 
perceptual set? 

"Three experiments were carried out 
to investigate this question. The 
first two were designed to measure 
the recognizability of a mirror-reversal 
word! when seen on a reversal of a 
previously presented field as compared 
to the word's recognizability when 
seen on the nonreversed field. In 
Exp. I the reversal of the field was ( 
abrupt and arbitrary. In Exp. lI 
the reversal occurred in a "'reason- 
able" fashion, the field was moved 
horizontally through a 180? arc in 
order to give Ss a "back" (i.e., re- 
versed) view of the field. In Exp. II, 7 
the stimulus material consisted of 
anagrams composed of reversed let- ® 
ters. A comparison was made of the | 
time necessary for their solution 
when viewed directly on a screen 
as compared to the time required 
when their mirror images on a screen 
were viewed in a mirror. 


Experiment I 


Method.—'The reversal of the field and the 
sudden appearance of the reversed word on the 
reversed field is most easily arranged by single- 
frame photography, the completed film pro- 


1 The term “word” will be used to refer to 
both words and numerical expressions used. 


See Table 1. 


344 


MIRROR-IMAGE WORD IDENTIFICATION 


viding the stimulus material actually presented 
to S. 

The field was a group of nonsense figures 
made of various brightnesses of gray paper 
glued onto a transparent rectangle of plate glass 
28 cm. long by 21 cm. high. The area in the 
central part of the rectangle was left free of 
figures (Fig. 1, A). The glass plate was held in a. 
rectangular frame, one end of which was 
mounted on a vertical rod. 'The field was 
presented to S for 8.25 sec. (132 frames at 16 
frames/sec.), after which the stimulus situation 
differed for experimental Ss and control Ss. 

In the case of experimental Ss the field 
instantly reversed (to the mirror image of itself) 
and there simultaneously appeared in the 
occupied central portion a mirror reversal of a 
four-letter word which remained visible for .75 
sec. (Fig. 1, B). (The length of the interval 
was based on preliminary experiments which in- 
dicated that about .5 to 1 sec. represented the 
range of recognition thresholds for the reversed 
words under these experimental conditions.) Both 
field and word then disappeared from the screen 
and were replaced by four words in obverse, 
one of which was the obverse of the reversed 
(stimulus) word which had been presented on 
the field and the others the obverse of words 
similar to the stimulus word (Table 1). The S 
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Fic. 1. The three fields used in Exp. I and II: (A) Obverse field without stimulus word, 
(B) reversed field with stimulus word, (C) obverse field with stimulus word. 


was requested to guess which one of the four 
had appeared on the field. 

In the case of control Ss the procedure was 
identical except that the field was not reversed 
during the presentation of the reversed word 


(Fig. 1, C). 

Each of 17 experimental Ss and 17 control Ss 
was presented with 12 different reversed words, 
each word being followed by a four-choice group 
(in obverse) containing the correct word. The 
number of correct answers represented S's score, 
Scores would be expected to fall between 3 
(chance) and 12 (all correct). 


Results.—There was no significant 
difference between the groups, the 
mean score of the experimental group 
being 9.47 and that of the control 
group 9.35. 

It may be concluded that under 
the conditions of the experiment an 
instantaneous substitution of a re- 
versed field for the previously pre- 
sented field does not facilitate the 
recognizability of a reversed word 
appearing on the field simultaneously 
with its reversal as compared to 


TABLE 1 


Gnours or Worps Presentep TO ALL Ss 1x Exe. Tanp II 


(Asterisks, not shown to Ss, 


indicate correct work or 


numerical expression in each group) 


PLUM 
JUMP* 
PAUL 
JUNE 


5809 
9U85 
5890 
9085* 


SINK BOND* GROW* 
SIGH SNOB WORN 
KISS BORN ROSE 
SICK* KNOB GOWN 
TANK 7859 PAY $6 
TINT* 8597 $6000* 
INTO 7958* 00068 
KNIT T958 $6000 
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the word’s recognizability when pre- 
sented on the unchanged field for the 
same length of time. 


Experiment II 


Method.—Experiment II required a somewhat 
more elaborate photographic procedure than 
did the first. Instead of a mere substitution of 
a reversed field for its obverse, the situation was 
arranged so that S would see the field swing 
through a semicircle. The right side of the 
frame holding the glass plate was hinged to a 
vertical rod. On the first view, S saw the field 
at the right angles to his line of regard and to the 
left of the rod. ` The field remained motionless 
for 6 sec. It then swung toward S and con- 
tinued through a 180? arc which brought the 
frame into a position again at right angles to S's 
line of regard but now to the right of the vertical 
supporting rod. 'The movement from left to 
right was not constant, but slow at first and 
accelerating rapidly until the extreme right 
position was reached, when the picture disap- 
peared. 'The appearance of acceleration was 
accomplished by the use of a specially con- 
structed timing apparatus which synchronized 
the position of the field with the flashing of a 
Strobolux and the movement of film in a 16-mm. 
camera. The purpose of the acceleration was 
to create an illusion of smooth movement from 
the starting position by showing the field in 36 
positions during the first 90? of its swing (until 
the field was edge-on for S) but permitting only 
a brief glimpse of the field during the last half of 
the swing by photographing only 12 positions 
past the edge-on position. The first half of the 
swing took 2.25 sec., the second half .75 sec. 
‘The situations for both experimental and control 
Ss were identical until the edge-on position was 
reached—both saw the obverse field motionless 
for 6 sec. and then swinging to the edge-on 
position for 2.25 sec. During the second half 
of the swing the experimental Ss were presented 
with a reversal of the field, i.e., the orientation 
one would expect when the field had passed the 
edge-on position. Control Ss were presented 
with the obverse—the same field which had 
appeared during the 8.25 sec. before the edge-on 
position was reached. In both cases the re- 
versed word appeared in the unoccupied central 
area of the field during the .75 sec. after the 
edge-on position was passed. As in Exp. I, S 
was asked to indicate which of four words had 
appeared during the .75-sec. period. 


Results.—The mean score of the 
17 Ss who were presented with the 
reversed words on the reversed fields 
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was 9.59 as compared to mean score 
of 7.53 for the 17 Ss who were pre- 
sented with the same reversed words 
on obverse fields. The ż of 3.29 is 
significant (P < .01). The difference 
in performance between the two 
groups of Exp. II indicates that Ss 
were better able to identify reversed 
words on mirror reversals of pre- 
viously presented fields than the same 
reversed words on the obverse of 
previously presented fields. 


Experiment III 


Method.—The experimental material con- 
sisted of the mirror images of the following. 
anagrams: KDCE, LEJL, PEREC, NEECS, 
ZEREEF, EKEN, SNDBE, GLEED, SPEJE, 
EFRERP. These particular (block) letters 
were used because all others are bilaterally 
symmetrical, the mirror image being identical 
with the obverse (Q is not available since it 
always appears with U). Lower-case letters 
were avoided since the mirror images of some 
are identical with the obverse of others. The 
anagrams (mirror images) were presented consec- 
utively by means of a transparency projector to 
individual Ss. The time taken by S to solveeach 
anagram was recorded by an electric timer con- 
trolled by E. The projected image was 10 cm. 
high and appeared at an optical distance of 4 m. 
Each S was given a sample anagram to be sure 
he understood the instructions which were simply 
to solve each anagram as presented and give 
the solution aloud. 

Experimental Ss sat beside the screen, looking 
into a mirror (44 cm. long by 30 cm. high) 
placed at a distance of 2 m. from S (and from 
the screen). The anagrams were projected 
onto the screen in obverse and consequently 
were seen as reversed (i.e., mirror images) by 
the experimental Ss. Control Ss were seated 
at a distance of 4 m. from the screen and slightly 
to one side in order to establish the same angle 
of line of regard as occurred in the case of ex- 
perimental Ss. The anagrams were projected 
directly as mirror images for control Ss. The 
stimulus conditions were similar for the two 
groups except for location of the Ss and the 
experimental variable of a mirror in the case of 
the experimental Ss. There were 40 Ss in each 


group. 


Results—A pretest of the experi- 
mental procedure on 20 Ss indicated 
that an occasional S could be ex- 
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pected to fail to solve one or possibly 
more of the anagrams in the 6 min. 
maximal time allowed on each. For 
this reason the score taken to repre- 
sent the performance of each S was 
his median time for the solution of the 
10 anagrams. The mean of the 
medians of the experimental Ss (mir- 
ror group) was 18.67 sec.; that of the 
control Ss, 28.27 sec. The difference 
between the means of the two groups 
was significant (t = 2.71, P < .01). 
Since no S failed to solve more than 
three anagrams, the mean of the 
middle four values was also available 
for each S. Using this measure of 
each S’s performance as the basis for 
calculation of group means leads to a 
P value similar to that based on the 
medians. 

Among the experimental Ss, there 
were 12 failures to solve anagrams, 
involving 11 Ss. In the control 
group there were 28 failures scattered 
among 19 Ss. The difference between 
number of individuals in the two 
groups who failed to solve all ana- 
grams is not significant (P > .05), 
but is in the direction that would be 
expected from the comparison of 
group means. An inspection of the 
“fast” ends of the distributions shows 
no obvious difference between the 
groups. 


Discussion 


In both Exp. I and Exp. II all Ss 
were presented with the obverse field 
without the reversed word for 8.25 sec. 
followed by the field (obverse or reverse) 
with the reversed word for .75 sec. In 
Exp. II, however, the field was swinging 
during the last 3 sec. of the total (9 sec.) 
period. During the last .75 sec. the 
swinging field occupied 12 different 
positions to the right of the edge-on 
position, the first few making such small 
angles with the line of regard that the 
reversed word was not legible even when 
stationary in those positions. This 
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means that all Ss in Exp. II had con- 
siderably less than .75 sec. to identify 
the reversed word. Even in the last few 
positions, when the angles with the line 
of regard were large, the reversed word 
was continually changing its retinally 
projected length, no two presentations 
being the same. Nevertheless, Ss pre- 
sented with reversed fields during this 
period did as well as Ss in either group 
of Exp. I; the reversed words on reversed 
fields swinging through a 90° angle from 
an edge-on to a right angle position were 
read as well as the same reversed words 
on stationary reversed fields and as well 
as reversed words on stationary obverse 
fields, the time (.75 sec.) being the same 
in all three situations. It might be 
argued that the facilitating effect of a 
reversed field found in Exp. II did not 
occur in Exp. I because Ss in Exp. I 
presented with the reversed field did not 
recognize it as the obverse of the previ- 
ously presented field. This possibility 
was not formally checked on the actual 
$s of Exp. I, but of 20 practice Ss, asked 
to talk about the situation after the 
first trial, all reported such recognition. 

Expectation, in the sense of being able 
to say “the word to be identified is 
always backwards,” has no explanatory 
value for the results of Exp. II, since 
all Ss saw the words to be identified 
in no other orientation. But the swing- 
ing field seems to have built up a “‘per- 
ceptual set" that facilitated the identifi- 
cation of the reversed word only if the 
expected orientation, a mirror image of 
the field, actually developed. 

It might reasonably be contended 
that the inferior performance of the Ss 
presented with the obverse fields could 
be explained by assuming that the un- 
expected orientation after the edge-on 
position was passed served to distract 
them from the task. In Exp. I, how- 
ever, the sudden reversal did not seem 
to distract the experimental Ss—at least 
their performance was not poorer than 
that of the control group. It is, of 
course, possible that the reversed field 
did distract Ss but that a facilitating 
effect of the reversed field canceled the 
decrement in performance. A further 
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bit of evidence is available through 
comparison of performance of S's on the 
first six words with their performance on 
the last six. Though the difference 
between control and experimental Ss 
might be expected to decrease with 
habituation to the distraction, no such 
decrease is found. 

The results of Exp. III indicate that 
an effect similar to that appearing in 
Exp. II may be found not only in recogni- 
tion but in a situation where mirror- 
image letters must be in some way 
"manipulated"—whether in visual im- 
agery, through verbal mediation, or by 
means of some other process, Experi- 
ment III also indicates that the “per- 
ceptual set" (whatever it is) does not 
depend on reversal of a previously 
presented field but may be brought 
about through use of a device, a mirror, 
which Ss already know to be a “field 
reverser,"" 


SUMMARY 


Three experiments were performed to de- 
termine whether a reversed or mirror-image 
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field would facilitate the identification of 
versed words or the “manipulation” of reve 
letters. Experiment I showed no such facilita 
tion when the reversed field abruptly replace 
its obverse at the time of appearance of th 
reversed word, this situation being compa 
to the continuation of the obverse field durin 
the presentation of the reversed word. Experi- 
ment II showed that such facilitation does occur 
if the originally presented field is swung through; 
a 180° arc, becoming a mirror reversal (the ex- 
pected orientation) during the last 90° of its 
swing. In Exp. IILE was found that anagrams 
composed of block letters could be solved more 
easily when viewed in a mirror than when their. 
mirror images were seen directly on a screen, 
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THE EFFECT OF A STIMULANT AND A DEPRESSANT 
DRUG ON A, MEASURE OF REACTIVE INHIBITION ' 


S. N. SINHA,? CYRIL M. FRANKS, # Ax» P. L. BROADHURST 
Institute of Psychiatry (Maudsley Hospital), University of London 


Eysenck’s drug postulate (6) sug- 
gests that depressant drugs increase 
cortical inhibition and that stimulant 
drugs decrease it. It is the purpose 
of the present experiment to test 
this prediction as directly as possible 
by obtaining a gradient of reactive 
inhibition (Zr) in the rat, and then 
endeavoring to alter the slope of 
that gradient by the use of drugs. 

Alternation behavior in a simple T 
maze (9) was chosen as the measure of 
In, and was manipulated by inserting 
a variable number (from 0 to 3) of 
previous turns in the maze pattern 
before the final choice point. Specifi- 
cally, the prediction is that the 
amount of alternation—that is, turn- 
ing in the direction opposite to that 
of the previous turns—will be a 
function of the number of those turns 
(8, 10, 12) and, further, that this 
function will itself be increased by a 
depressant drug and decreased by a 
stimulant drug. “The availability of 
Ss from the Maudsley Reactive and 
Nonreactive strains, selectively bred 
for emotional defecation (4)—the 
high defecators displaying a higher 
drive level in fear-producing situations 
than the low defecators (1, 2)—allows 
a subsidiary prediction. Following 
Kimble (11), it would be predicted 
that the emotionally reactive Ss 
should show less alternation than the 


1 We are indebted to H. J. Eysenck for many 
helpful suggestions, and to Riker Laboratories, 
Ltd., Loughborough, Leics., England, for supply- 
ing the Meratran used. 

? Now at Patna University, Bihar, India. 

3 Now at Neuro-Psychiatric Institute, Prince- 
ton, New Jersey. 


nonreactive ones, due to their greater 
tolerance of Jp. 


METHOD 


Apparatus:—The apparatus basically con- 
sisted of a simple wooden T maze with arms 
34 in. wide and 4 in. high, roofed with hardware 
cloth and painted flat gray. Each arm was 1 ft. 
long externally. The whole was enclosed 
within a rectangular runway of identical interior 
dimensions and construction, but which meas- 
ured 22.5 in. by 34,5 in. externally, As shown in 
Fig. 1, this rectangular runway communicated 
with the T maze only at the lower end of the 
upright of the T. The alley forming the other 
side of the rectangular runway, opposite this 
junction, was permanéntly divided into two 
halves. Thus, by suitable "manipulation of the 
series of temporary blocks within this outer 
runway, Ss could be run to a food reward either 
from the foot of the T (Starting Position O), 
or from either of the lower corners of the outer 
rectangle, left or right (Starting Position 1), 
or from either of the upper corners (Starting 
Position 2), or from either side of the permanent 
block on the upper side of the rectangle (Starting 
Position 3). An S would thus have made 0, 1, 
2, or 3 turns, respectively, before entering the 
final T, and these turns could be either to the 
right or to the left. The additional distance 


Fic. 1. A floor plan of the maze used, show- 
ing the permanent block in the outer runway 
(solid line) and the movable blocks (dashed 
lines) used in conjunction with the different 
starting positions (SP) and goal arms (G). 


349 


e 


350 


run in each case was not exactly equal, however, 
because of the nature of the design. 

‘Two 60-w. fluorescent tubes above the appara- 
tus gave illumination within it of 20 to 22 ft.-c. 
at floor level. It was enclosed within a dome of 
cheesecloth in order to eliminate extra-maze 
clues. 

Subjects —A total of 32 rats, 16 males and 
16 females, were selected from the fifth genera- 
tion of the selectively bred, emotionally reactive 
strain, and another 32 from the nonreactive 
strain. They had been reared under uniform 
conditions and given a standardized version of 
Hall's open-field test of emotionality at 100 
days of age, as described elsewhere (3). Only Ss 
scoring three or more fecal boluses per day 
on this test were assigned to the Reactive group, 
and only Ss not defecating at all to the Nonreac- 
tive group. They averaged 226.1 (SE + .62) 
days of age when the food deprivation for the 
purposes of the present experiment was begun. 
It was established gradually, only reaching the 
final value of 1 hr. feeding per day after 10 
days, and 5-8 days before testing began. The 
Ss were therefore 20-23 hr. hungry at the time 
of testing throughout the experiment. 

The 64 Ss were randomly assigned, within 
the sex and emotionality dichotomies, to the 
four starting positions, There were thus four 
replications of the 2 X 2 X 4 factorial design. 

Procedure.—On the two days before maze 
running began, Ss were given preliminary 
adaptation training in the apparatus by allowing 
them to feed on wet mash for 3 min. in each of 
the two goal boxes at either end of the arms of 
the T. The Ss assigned to Starting Position 3 
(Group 3) were started first and given 10 trials 
from Starting Position O on the first day, 10 
from Starting Position 1 on the next, 10 from 
Starting Position 2 on the next, and finally 30 
trials from Starting Position 3 on the following 
three days, The Starting Position 2 Ss (Group 
2) were begun one day later so that they com- 
pleted their 30 trials from their appropriate 
starting position on the same day as those 
assigned to Starting Position 3. Similarly, Ss 
assigned to Starting Positions 1 (Group 1) and 
0 (Group 0) were started on the two successive 
days, respectively. 

The Ss were permitted to feed on wet mash 
for 10 sec. on each trial. Throughout this train- 
ing Ss were forced to one or other of the goal 
arms in the T by blocking the opposite side at 
the junction according to a Gellerman series, 
They were, apart from the Ss starting from 
Position 0, also started from the appropriate 
left or right starting position according to 
another Gellerman series. Thus Ss were trained 
o run equally, not only to both of the goal arms 
f the simple T in the center, but also from both 
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the right or the left starting position. Times to 
the nearest .1 sec. were recorded by stop watch, 
and analysis by ¢ test of these data from the 
30 training trials for Ss from Groups 1 through 3 
shows no significant difference in mean running 
times from either right or left starting position 
to either right or left goal arm. Group 0, 
however, ran significantly faster to the left goal 
arm, but, as will be seen later, this does not 
appear to be reflected in a heightened preference 
for this side. In addition, in no case did the 
mean times from the last training day (10 
trials) show a significant difference from those 
during the subsequent part of the experiment. 
It may, therefore, be concluded that these 
training procedures, designed to establish 
equal asymptotic habit strengths (sHg) in 
running to either right or left goal from the 
various starting positions, were, in general, 
successful. 

All Ss were then given the same alternation 
test lasting two days, which consisted in allowing 
S a free choice in the T, both goal arms now 
being left open. This was done on eight trials 
On two successive days, and each such free- 
choice trial was followed by a forced trial with 
one or other of the arms blocked. Thus, a 
total of eight trials, four free alternating with 
four forced, was given each day with a constant 
intertrial interval, despite the differences in 
starting position. The starting position side 
was selected as before—for Ss other than those 
in Group 0—by use of a modified Gellerman 
series, but the goal side which was blocked on 
the forced trials was in each case determined 
by S's own choice on the previous free-choice 
trial, so that each S was forced away from the 
side previously chosen. This was a further 
precaution against the development of position 
habits. 

"This two-day alternation test was repeated. 
twice under different drug conditions—that is, 
each S was tested under each of the three con- 
ditions, stimulant or depressant drug and 
placebo. The six possible orders of these three 
conditions were distributed over the 16 Ss in 
each group as widely as possible, so that each of 
the four subgroups therein (e.g. male reactive) 
is represented at least twice and not more than 
four times, and that over all Ss each order was 
assigned to at least 10 Ss. 

The depressant drug used was amobarbital 
sodium (Sodium Amytal) which has been suc- 
cessfully used in other tests of Eysenck’s drug 
postulate (e.g., 7). The dose was 15 mg./Kg. of 
body weight. For the stimulant drug the 
amphetamine group usually employed was 
eschewed particularly because of its anorexic side 
effects, and pipradrol hydrochloride (Meratran) 
was selected. This is a relatively new central 
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stimulant, but without anorexic effects (5). 
The dose used was 10 mg./Kg. The placebo 
was 10 cc./Kg. of distilled water, and the drugs 
mentioned were also given in this volume of 
distilled water. All injections were made 
intraperitoneally with a No. 26 record needle, 
38,3 (4.26) min. before testing began. 


RESULTS 


During each free-choice trial an 
alternation response was scored only 
when S turned to the goal arm of the 
T in the direction opposite to that 
of its previous turns in the maze 
on that same trial. An S with a 
position habit would thus not vitiate 
the result because it would, by always 
turning to one side and being started 
from each side four times, score only 
four out of the possible eight alterna- 
tions—that is, chance level. Alterna- 
tion responses for Ss from Starting 
Position 0, without previous turns, 
were scored in a comparable way, the 
justification for which is the assump- 
tion that Zp may persist from one 
trial to the next in this simple situa- 
tion (14). In this case, an alterna- 
tion response was defined as a turn on 
free-choice trial to the goal arm of 
the T in the direction opposite to that 
to which it was forced on the previous 
trial. For the first (free-choice) trial 
on any day, the scoring convention 
adopted was to regard the last (forced) 
trial on the previous day as influential. 
The possibility of artifacts in the 
data caused by position habits among 
these Ss is more serious as it is not 
possible to reduce their effect to 
chance level in the manner described 
above. Moreover, by our scoring, 
an S which always turned to the 
same side would receive the maximum 
alternation score of eight, since it 
would in each case be forced to the 
opposite side on the intermediate 
trials, Examination of the data, 
however, showed that no S in this 
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group responded consistently in this 
way. 

The results of a four-way analysis 
of variance of the alternation scores, 
after Pearson and Hartley’s test (13) 
had disclosed no significant inhomo- 
geneity of variance, are presented 
in Table 1. It will be seen that only 
the variance estimates for the main 
effects and interactions not involving 
Drugs were calculated by using the 
Ss’ error term; and those for all other 
sources by using the Ss X Drug in- 
teraction. This procedure is con- 
sequent upon the experimental design 
used in which each S was tested under 
each drug condition. The F ratios 
for the Starting Position and Drug 
main effects are shown in this way 
to be significant, but note must be 
taken of the significant Starting 
Position X Drug interaction. The 
nature of this interaction may be 


TABLE 1 


ANALYSIS OF VARIANCE OF ALTERNATION 
Scores AND RuxNING TIMES 


Alternation | Log Times 
Source df 
MS F MS F 
Starting position 3|40.0| 9.7*** | 1.73 | 46.8 
[ 
Drugs 2|37.0|16.0*** | 0,08 | 8.0% 
LP Li 1| 01| 0 0.01 | 0.2 
reactivity (E) 
1| 8.3| 2.0 0,73 | 20,00 
FO 6| 8.4| 3.6% |0.02| 2.3* 
PXE 3| 1.7| 04 0.01] 0.3 
PXS 3| 48| 12 014| 3.7* 
DXEf 2| 05| 02 0.001 | 1.1 
DXSf 2| 1.6| 0.7 0 0 
EXS 1| 0 0 0 0 
PXDXET 6| 08| 04 0.02| 1.7 
PXDXSt 6| 09| 0.4 0 0 
PXEXS 3| 0.6) 0.1 0.05} 1.5 
D XE X St 2| 04| 0.2 0.01 | 0.5 
P XD i E XSt 6| 1.5| 0.6 0 0 
Residu: 
96| 2.3 0.01 
Š XD 48| 4.1 0.04 
Total 191 
*P =.05 
** P = 01. 
» P = 001. 


uc X D residual used for F. 
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TABLE 2 


BREAKDOWN OF ALTERNATION SCORES 


Starting Position 


Drug Condition o 1 


ital (Amytal 3.7 | 24 15.6 9 | 67 | 15 | 69 | 08 5.7 2.0 
[jedes m BYP ESL: oll Aad 4 | 6.3 AEN EE 1.5 5.1 8 
Pipradrol (Meratran) | 4.3 | 2.5 | 3.7 POA LA er EA | 42 | 17 

All 39.| 22°) 47 SA emo spa 2575, 1.8 5.0 19 


seen in Table 2 and Fig. 2. Each 
increase in the number of previous 
turns yields an increase in the mean 
alternation score, which is significant 
(P < .05 or beyond by 1-tail t test) 
in each case except that between 
Starting Positions 2 and 3 where in 
fact a decrease occurs. However, the 
| differences in the mean alternation 
scores for the different drugs are both 
significant in the predicted direction 
beyond the .0l level by ¢ test. A 
separate analysis showed that the 
difference between the mean scores 
for Ss when started from left or from 
right starting position does not reach 
significance. 


"The results of an analysis of variance of the 
time scores derived from the eight free-choice 
trials, after the log transformation made had 
reduced the highly significant inhomogeneity 
of variance to around the .05 level, are of less 
interest, serving principally to confirm the 
successful manipulation of two of the independ- 
ent variables in the experiment. Thus, the 
significant main effect for Starting Position 
, reflects the successive increases in time taken to 
run from the four positions (the mean log times 
being .26 for Starting Position 0, .49 for Position 
1, .58 for Position 2, and .71 for Position 3, with 
the differences between the successive means 
significant at the .02 level or beyond by 1-tail 
t test) and that for Drugs reflects the increases 
in running times under the three drugs in the 
expected order pipradrol, placebo, and amo- 
barbital (mean log times of .47, .51 and .54 
respectively; the successive differences being 
significant at the .05 level or beyond by 


l-tail ¢ test). But a significant sex differ- 
ence also appears—females run faster than 
males. The difference between their respective 
mean log times of .49 and .57 is significant be- 
yond the .001 level by 2-tail¢ test. In addition, 
the over-all picture is complicated by weakly 
significant interactions between Starting Posi- 
tion on the one hand, and Sex and Drugs on the 
other. These interactions may be summarized 
by saying that the sex difference becomes pro- 
gressively more pronounced with an increase 
in the number of previous turns, but the drug 
differences become less pronounced. A further 
separate analysis showed that the differences 
between the mean times for free and forced 
trials during the alternation tests does not 
reach significance. 


Tt will be noted that there is no 
support whatsoever for the prediction 
of differences in Ig with respect to the 
Emotional Reactivity variable. The 
comparable lack of significant effects 
in the analysis of the running times 
confirms that strain differences in 
drive intensity did not operate in this 
situation. 


Discussion 


It may be concluded from these 
results that the prediction made re- 
garding the effect on alternation behavior 
of a stimulant and a depressant drug 
in the doses used are confirmed. The 
amount of alternation is increased by 
the depressant, amobarbital, and de- 
creased by the stimulant, pipradrol, 
with the placebo group having an 
intermediate value. Thus, another ex- 


——————— eS o. 


EFFECT OF DRUGS ON REACTIVE INHIBITION 


AMYTAL 


N 


CORE 


PLACEBO 


o 


EN 


MERATRAN 


MEAN ALTERNATION 


Ww 


[9] | 
STARTING p8sition 


Fic. 2. The mean alternation score (maxi- 
mum possible = 8) for each starting position 
group of 16 Ss under the three drug conditions. 


ample, of a somewhat different kind 
and using very different Ss, is added 
to the growing support (6) for the 
essential soundness of Eysenck’s drug 
postulate. 

Whether or not it is accepted that 
these findings also support Eysenck’s 
identification of Zp as being the im- 
portant element in this postulate depends 
on the view of alternation behavior 
adopted. The fact that it has been 
possible to demonstrate a gradient of 
alternation in this experiment lends 
further support to the view that alterna- 
tion behavior is a valid measure of Zn. 
The failure of alternation to increase 
with an increase in the number of 
previous turns from two to three parallels 
work with lower organisms and may 
similarly be regarded as a dissipation of 
Ir during the increased time taken to 
run from the. farthest starting position 


(8). 


SuMMARY 


In a test of Eysenck’s drug postulate using 
alternation behavior in the rat as a measure of 
reactive inhibition (Zz), it was predicted that 
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a stimulant drug, pipradrol, would decrease 
alternation and a depressant, amobarbital, 
would increase it, In a 2 X 2 X 4 design, 64 
Ss of the two sexes and from the two Maudsley 
Reactive and Nonreactive strains were assigned 
to four different starting positions in a maze 
designed to produce a gradient in the number 
of alternation responses shown. They were 
then tested under the influence of the two drugs 
and a placebo. 

The results show that the predictions relating 
to drug action are confirmed at a satisfactory 
level of significance. 
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THE MAGNITUDE OF BINOCULAR SUMMATION 
AS A FUNCTION OF THE METHOD OF 
STIMULUS PRESENTATION * 


GEORGE COLLIER AND 


University of Missouri 


The binocular summation experi- 
ment provides one way of deciding 
between central and peripheral ac- 
counts of the visual threshold. Oc- 
currence of a significantly lower 
binocular than monocular threshold 
implies that the threshold events are 
not exclusively retinal in origin. 
However, Pirrenne (8) has pointed 
out that, even on the assumption 
that the two eyes operate independ- 
ently, the binocular threshold should 
be lower than the monocular by the 
rule for combination of independent 
but nonmutually exclusive probabili- 
ties. Thus a demonstration of sum- 
mation requires that monocular- 
binocular threshold differences exceed 
the value expected on the combination 
of independent probabilities. 

In previous studies all possible 
outcomes have been obtained: no 
differences between monocular and 
binocular thresholds, the differences 
expected by the combination of in- 
dependent probabilities, and differ- 
ences exceeding that expected by the 
combination of independent probabili- 
ties (4). This diversity of results led 
to a study (4) which carefully con- 
trolled the variables most often re- 
lated to the failure or success in 
demonstrating summation, €-£ fixa- 
tion, differential accommodation, dif- 
ferential pupil size, and stimulation 
of noncorresponding retinal points. 
In order to evaluate Pirenne’s hypoth- 


1'The experiment reported in this paper was 
performed at Duke University and was sup- 
ported by a grant from the Duke University 
Council on Research. 


PHILIP KUBZANSKY 


Boston City Hospital, Harvard Medical School 


esis directly and to test the possible 
peripheral origin of the noninde- 
pendence of successive responses ob- 
served under some circumstances in 
threshold measurements, a single 
brightness method of stimulus 
presentation was used. A brightness, 
determined for each S from initial 
method of limits data, was used for 
that S in all conditions. This yielded 
a Pp (probability of a response) to the 
same stimulus for both the monocular 
and binocular viewing conditions. 
There was some internal evidence in 
this study that the Pr to a given 
suprathreshold brightness was greater 
for a single brightness than for a 
method of limits determination while 
the Pr to a subthreshold brightness 
was lower for a single brightness than 
for a method of limits determination. 
If this were the case, since the binocu- 
lar Pg will be higher than the monocu- 
lar merely by the combination of 
independent probabilities, and since 
the brightness values were typically 
chosen so that the monocular an 
binocular Pr’s straddle the threshold, 
the observed difference between mo- 
nocular and binocular thresholds 
could have been inflated by this effect. 
A direct comparison of the single 
brightness * with method of limits 
methods of threshold determination 
was not possible in this experiment. 

The present experiment undertakes 
such a comparison. The amount of 
summation obtained by a single 
brightness procedure and the method 
of limits is compared. 

In addition, two methods of pro- 
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ducing the viewing conditions, 
shutters and eyepatches, are compared 
to test the possibility that S’s knowl- 
edge of the viewing conditions may 
influence the results. 

A third possibility considered is 
that the amount of summation ob- 
served in the previous experiment 
may occur only under conditions 
producing maximal sensitivity pre- 
viously used. This is examined by 
repeating a portion of the previous 
experiment under more typical 
stimulating conditions. 


METHOD 


Apparatus:—The apparatus used in this ex- 
periment was a Model III Hecht-Shlaer Adap- 
tometer, It presented every 4 sec. a 3° circular 
patch 7° below a red fixation point at a viewing 
distance of 25 cm. for a duration of .2 sec. The 
luminance of the patch was continuously variable 
from 1.5 log uuL to 5.4 log uuL. The color of 
the patch was determined by a filter having a 
maximum transmittance at 480 my. Calibra- 
tion was maintained photometrically. Two 
shutters, separately operated by Synchron 
motors, were mounted between the headpiece 
and the stimulus patch. These shutters were 
located so that they could interrupt the visual 
patch to either eye separately. The fixation 
point was always viewed binocularly. The 
operation of the shutters was not detectable to 
S. The eyepatches used in a portion of the 
experiment were black plastic and were held 
in place by an elastic band. A head and 
chin rest were used. The Ss responded by use 
of a key, The apparatus was housed in a 
sound-deadened, light-tight, ventilated chamber. 

Subjects —Six paid university students, three 
men and three women, served as Ss. All met 
or exceeded naval visual standards as tested 
by the Orthorator (20/20 visual acuity, O.D., 
O.S.; no phorias; “color” normal). The Ss had 
not had extensive previous experience in visual 
threshold determinations. They were instructed 
to maintain fixation and to push a lever to the 
right if they saw the flash, and to the left if they 
did not. At the beginning of each experimental 
period each S had spent at least 20 min. in dark 
adaptation glasses and an additional 20 min. in 
complete darkness. The Ss participated in the 
experiment for 10 days with each session falling 
at the same time of day. 

Training.—The six Ss were divided, for pur- 

poses of training, into three groups of two each: 


R (monocular right), L (monocular left), and B 
(binocular) During training the stimulus 
patch was presented to the right eye only (R 
group), left eye only (L group); and both eyes 
(B group). The training sessions for all groups 
consisted of a standard ascending-descending 
ML (method of limits) procedure consisting of 
30 alternately ascending and descending series. 
"There were four training sessions, Days 1—4. 

M L-shutters.—The first ML test series using 
the shutter consisted of two sessions, Days 5 
and 6. Each session for each S consisted of six 
blocks of five ascending and descending series 
of stimulations. The B, R, L conditions were 
randomly assigned to these blocks, with the 
restrictions that no condition followed itself 
and that each condition occurred twice. 

First SB.—The first single brightness test 
series consisted of two sessions, Days 7 and 8. 
Each session for each S consisted of six blocks 
of 50 stimulations at an invariant brightness. 
The brightness used was determined for each S. 
from his preceding average R and L threshold 
to yield between 30% and 40% “yes” responses, 
under the monocular condition. The B, R, L 
conditions were randomly assigned as before to 
the blocks. The shutter method of occlusion 
was used. Up to this point only one S reported 
that he was aware of any changes in viewing 
conditions. 

ML-eyepatch—The second ML test series 
consisted of two sessions, Days 9 and 10, using 
the eyepatches. Six blocks of five ascending 
and descending series were used. The B, R, 
and L conditions were randomly assigned as 
before to these blocks. The eyepatch method 
of occlusion was used, with S’s being instructed 
to si the eyepatches between the blocks of 
trials. 

Second SB.—The second single brightness 
series, Days 11 and 12, using the shutter, con- 
sisted of two sessions of three blocks of 100 
stimulations at an invariant threshold bright- 
ness. The B, R, and L conditions were assigned 
randomly. This series was run for only four 
of the six Ss. 


RrsuLTs 


For the ML data, measures of the 
threshold and dispersion of the 
"yeses" were obtained from a prob- 
ability of response (Pg) plot. The 
two blocks of a given condition of a 
session were combined and percentage 
of “yes” was plotted against log 
brightness on normal probability 
paper. The 50% point (threshold) 
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and the 8495-5095 (l/slope) differ- 
ence were interpolated from the 
“visually” best fitting straight line. 

For the SB data the percentage of 
"yes" ‘responses for each block of 
trials was computed. To test for 
intertrial association a runs test (3) 
based on the expected number of 
runs at a given percentage of “yes” 
was employed. 

Training sessions.—An analysis of 
variance on thresholds for training 
groups (B, R, and L) and sessions 
(Days 1-4) yielded a significant 
Session by Group interaction 
(P < .001; F = 26.71; df — 6 and 
9). Both the B and L groups 
showed a significant decline in thresh- 
old, while Group R showed an in- 
crease (on Day 4). Though the 
mean threshold for Group B (Day 
4 Ths = 2.51 uuL) was less than that 
for Groups R and L (Day 4 
Thr = 2.88 uuL), the difference was 
not statistically significant. 

An analysis of the 84%-50% dif- 
ferences for the same variables 
produced no significances. 

Method of limits test sessions.— 
Table 1 presents the average thresh- 
old for. training conditions, method 
of occlusion, and viewing conditions. 


An analysis of variance of these 
thresholds for Training conditions, 
R, L, or B; Viewing conditions, R, 
L, or B; Method of occlusion, shutter 
vs. eyepatch; and Sessions, first or 
second, is presented in Table 2. 
This analysis is an extension of 
Lindquist’s type VI (7, p. 296). 
Both Viewing condition and Training 
condition proved to be significant. 
The average binocular threshold was 
2.61 log muL, while the average 
monocular threshold was 2.76 log 
uuL for both the right and left eyes, 
respectively. The average threshold, 
under all viewing conditions, for 
those Ss trained binocularly was 
2.53 uuL, while those Ss trained on 
the right and left eyes were 2.91 
and 2.69 log pul, respectively. 
There was no interaction between 
Viewing condition and Training 
group. On the assumption that the 
two eyes operate independently, 
Pg = Pr + Pr — PrP. Using the 
average threshold value for the mo- 
nocular conditions, it would be ex- 
pected that the Pg for these values 
would be 75%. The observed values 
were interpolated from the binocular 
Pp plots. For every one of the 24 
possible comparisons, 6 Ss by 4 days, 


TABLE 1 


Metuop or Lrurrs THRESHOLDS 


Training Occlusion 
Binocular Shutter 
Eyepatch 
Monocular right Shutter 
Eyepatch 
Monocular left Shutter 
Eyepatch 
|. eee 
Mean 
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TABLE 2 


ANALYSIS or VARIANCE ON METHOD 
or Limits THRESHOLDS 


Source df MS F 

Between Ss (5) | 3874 
Training group (G) 2 | .8585 |11.71* 
Error (b 3 | .0733 
Within Ss (66) | (.0140) 
Viewing condition (A) 2 |. .1892 |32.62** 
Mode of occlusion (B) 1 | .0023 24 
Session (D) 1 | .0415 | 6.59 
AXB 2 | .0098 | 1.29 
AXG 4| 0075 | 129 
AXD 2 | .0027 63 
BXG 2| .0692 | 7.21 
BXD 1| .0205 | 1.78 
GXD 2 | .0018 29 
AXBXG 4 | .0004 05 
AXBXD 2 | .0024 53 
AXGXD 4| .0054 | 126 
BXGXD 2| .0119 | 1.03 
AXBXGXD 4 | .0037 82 
Error (w) (33) | (0065) 
Errori (w) 6 | .0058 
Errors (w) 3 | .0096 
Errors (w) 3 | .0063 
Errors (w, 6 | .0076 
Errors (w, 3 | .O115 
Errore w 6 | .0043 
Error; (w. 6 | .0045 
"Total 71 


Note.—The error terms for the within analysis follow 
the following pattern: A and AG against Error:, B and 
BG against Error: . . „ AB and ABG against Errors 
on m utr and ABDG against Error. 


** P <01. 


the observed value exceeded the 
expected value. The mean excess 
was 19.0% for the shutter sessions 
and 15.2% for the eyepatch sessions. 
Thus, the binocular thresholds are 
significantly lower than the monocu- 
lar and this difference is greater than 
that expected by the combination of 
independent probabilities. 

When the same analysis, as pre- 
sented in Table 2, is performed using 
an average of the monocular values, 
which results in a less variable 
estimate of the monocular values, 
the interaction between Viewing con- 
dition and Method of occlusion is 
significant. The binocular threshold 


is less for the shutters (2.59 log muL) 
than the eyepatch (2.62 log uul) 
while the average monocular thresh- 
old is greater for the shutter (2.77 
log uuL) than the eyepatch (2.74 
log uuL). 

‘An analysis similar to that in Table 
2 was performed on the 84%-50% 
differences. Only the interactions be- 
tween Method of occlusion and Train- 
ing group and between Method of 
occlusion, Training group, and Ses- 
sion reached significance: P < .05 
(F = 1046, df=2 and 3) and 
P < .01 (F = 24.75, df = 2 and 3), 
respectively. This interaction ap- 
peared to result from increase in slope 
(smaller 85%-50% difference) of the 
Pp curve for the second session of each 
occlusion condition with the single 
exception of the L training group 
using the shutters. The slope dif- 
ferences were smaller for the eyepatch 
sessions, which had generally greater 
slopes. 

Single brightness test sessions —An 
analysis of variance, similar to that 
in Table 2, on Training group, 
Viewing condition, block of (50) 
Trials, and Sessions was performed 
on the percentage of "yes" responses 
of the first two SB sessions. Only 
Viewing condition reached signifi- 
cance: P < .01 (F = 5597, df =2 
and 6). The average percentage of 
“yes” response for B was 74.7 while 
R and L were 30.5 and 28.5, respec- 
tively. Thus for the same bright- 
ness, the percentage of “yes” response 
was significantly greater on those 
occasions when the stimulus was 
viewed binocularly than when it was 
viewed monocularly. The expected 
value on the basis of the rule for 
combination of independent prob- 
abilities was calculated from the 
observed monocular probabilities. 
Again the observed value exceeded 
the expected for every one of the 24 
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possible comparisons. The 
excess was 26.0%. 

In order to compare the data 
obtained by ML and by SB methods, 
the difference in percentages between 
the monocular and binocular SB 
data was converted to increments 
in brightness. Using the average 
SB monocular percentage of “yes,” 
the increment in log brightness neces- 
sary to produce the observed incre- 
ment in percentage of “yes” was com- 
puted from the binocular ML Pr 
curve. The average increment was 
18 log uuL for ML and .23 for SB. 
These values were compared by 
analysis of variance. The difference 
between SB and ML was significant: 
P < .05 (F = 18.00, df = 1 and 3). 
Similar results were obtained for 
the second two sessions (blocks of 
100 trials). 

Squaring and cumulating the z 
scores obtained from the runs test (3) 
for each S for the first two SB ses- 
sions yielded a chi square with 12 
df, which showed four of six Ss with 
a significant amount of intertrial 
association: S, = 16.90, S: = 29.28, 
Ss = 25.73, Sa = 8.59, Ss = 56.67, 
and Se = 23.15; P = .05 (x? = 21.03, 
df = 12). Using the same procedure 
for the second two SB sessions, three 
of the four Ss showed a significant 
amount of intertrial association; 
S, = 58.22, S, = 30.53, Ss = 35.11, 
and S, = 10.15 (P = .05, x? = 12.59, 
df = 6). 

Analyses of variance over the 
variables of the experiment on the 
z scores computed from the runs test 
yielded no significant differences. 


mean 


Discussion 


In the first column of Table 3 are 
presented the monocular-binocular 
brightness from this experiment and 
from the precedingstudy. In the second 
column are the mean differences between 


TABLE 3 


Comparisons or MONOCULAR AND BINOCULAR 
THRESHOLDS DIFFERENCES 


Mean Diff. 
Condition — | nd Av. Monoc- [Obtained Bin- 
ular Thresholds ocular % 
Yess 

ML shutter 18 log uuL 19.0 
ML eyepatch .12 log uuL 15.2 
SB shutter .23 log uuL. 26.0 
Previous study | .18 log uuL 14.9% 
Piper's law .15 log uuL 
Crozier's .18 log uuL 


the expected binocular percentage of 
“yes” and the obtained percentage. | 
The results of the present study support 
those of the previous study on both the 
existence and order of magnitude of 
threshold binocular summation. Stimu- 
lation of two eyes seems functionally 
equivalent to doubling the area of 
stimulation in a single eye, as can be 
seen by comparison with the values | 
expected from Piper's law or Crozier's 
areal function. This statement must 
be qualified in a number of ways. 

First, there is the problem of the 
appropriate relation between area of the 
stimulus and the threshold. For an 
exact test of binocular stimulation it is 
necessary to be able to predict the 
threshold decrease occasioned by dou- 
bling the area of stimulation for the 
stimulating conditions used. The rela- | 
tion has been determined under only a 
limited set of circumstances. It is sub- 
ject to a variety of conditions such as 
shape, location, etc. Although the re- 
sults of the present and previous experi- 
ments show that summation of the 
same order of magnitude occurs under 
a widely differing set of stimulating 
conditions, a direct comparison of the 
values from the point of view of the 
areal function is not possible without 
a direct measurement of this function 
under the two conditions. A recent 
study by Leibowitz and Walker (6), in 
which they found that field size was an 
important parameter in the amount of 
summation observed, further points out 
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the difficulty of making direct compari- 
sons between different stimulating 
conditions. 

Second, as demonstrated by the present 
experiment, thresholds, and therefore 
measures of summation, are subject to 
a number of procedural variables. The 
conjecture concerning the magnification 
of the summative effect by the single 
brightness procedure was confirmed by 
the present experiment. The SB pro- 
cedure resulted in a significantly greater 
separation of the monocular and binocu- 
lar thresholds. Further support for 
this interpretation of the differences 
between the two methods is given by 
some recent direct evidence (2, 5) that 
the Pr to a stimulus presented by the 
SB procedure is greater than that 
obtained by a procedure in which the 
successive stimuli vary in magnitude, 
if the Pr is greater than 50%; while the 
Pp to a stimulus presented by the SB 
procedure is less than that obtained by a 
varying stimulus procedure if the Pr 
is less than 50%. Bartlett and Gagne 
(1) have suggested that summation 
occurs as a result of the cumulative 
| retinal changes produced by repetitive 
stimulation, The present results sup- 
| port the view that the monocular-bin- 
| ocular difference is enhanced by repeti- 
tive stimulation, ie, the SB method, 
| but it does not support repetitive stimu- 
lation as an explanation of summation. 
Although the difference between monoc- 
ular and binocular thresholds is not an 
artifact of the method of threshold 
determination, its magnitude appears 
| to be sensitive to it. 

A second procedural variable which 
influenced the value of the thresholds 
obtained was training conditions. Ini- 
tially, those Ss who experienced four 
days of training in monocular viewing 
have higher thresholds under both mo- 
nocular and binocular test conditions. 
The magnitude of the difference between 
the monocular and binocular thresholds 
does not seem to be influenced. The 
training differences disappear over days 
and fail to be significant in later sessions. 
Monocular and binocular viewing seem 
to be functionally different tasks; train- 


ing on one does not necessarily facilitate 
performance on the other. The effect 
of training sessions on the slope, i.e., 
the initially steeper slope (and higher 
threshold) for the R group, suggests 
that eye dominance may play a part. 

Any interpretation of the effect of the 
different modes of occlusion on the 
difference between monocular and binoc- 
ular thresholds is made difficult by the 
impossibility, in the present experiment, 
of counterbalancing the order in which 
these conditions were given. Whether 
the outcome of the present experiment 
(a) is an artifact of the lack of counter- 
balancing, (4) is an artifact of the fixa- 
tion conditions, or (c) represents some 
real differences between the conditions, 
cannot be evaluated. The first possi- 
bility could result from the improvement 
with practice of Ss in the possibly more 
difficult monocular viewing conditions 
producing lower monocular thresholds 
in the later sessions and thus a smaller 
difference. The second possibility re- 
ceives some support from the previous 
experiment in which there was a sugges- 
tion that the binocular (vs. monocular) 
Jixation condition resulted in slightly 
higher monocular thresholds and, conse- 
quently, a larger difference between 
monocular and binocular thresholds. 
In this experiment the monocular fixation 
conditions (eyepatch procedure) again 
produced the lowest thresholds. The 
possibility that the difference is real 
remains. 

It is clear from the present results 
that procedures of stimulation as well as 
the stimulating conditions have to be 
carefully considered when tests of hy- 
potheses involve measurements of thresh- 
olds, as in the binocular summation 
problem. The fact that the same mag- 
nitude of summation was found under 
the somewhat less rigorous stimulating 
conditions in the present experiment as 
compared with the preceding study, 
suggests that the diversity of results 
found in experiments on summation 
may stem in large part from procedural 
differences rather than the differences 
in stimulating conditions. 

The present findings with respect to 


BINOCULAR SUMMATION 


the magnitude of intertrial association, 
monocularly and binocularly, support 
the previous conclusion concerning the 
nonperipheral origin of the associative 
effect: fixation, pupillary changes, and 
eye movements do not influence it. 


SUMMARY 


The method of limits and single brightness 
procedures of stimulus presentation were com- 
pared in their effect on binocular summation. 
Summation exceeding that expected by the 
combination of independent but nonmutually 
exclusive probabilities was found in both cases, 
but, as conjectured, the single brightness pro- 
cedure produced the greatest difference between 
the monocular and binocular thresholds, 

The magnitude of summation found was of 
the same order as that in a preceding experiment 
employing quite different stimulating conditions. 

Both training conditions and mode of occlu- 
sion were found to affect the thresholds and the 
latter also affected the size of the difference 
between the monocular and binocular thresholds. 
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Questions relating to span of per- 
ception, or spàn of attention, have 
jbeen asked since the early days of 
experimental psychology, and long 
before this similar problems were of 
linterest to philosophers. The types 
|of inquiries have ranged from those 
concerned with S's ability to report 
how many stimulus objects were 
|present during a brief exposure to 
those concerned with his ability to 
provide detailed descriptions of the 
objects. Still a different approach to 
this problem is taken in the present 
|experiments, the specific question at 
lissue in this instance being, “How 
| much information can Ss report after 
the tachistoscopic exposure of a group 
of symbols, as a function of the in- 
formation content of the symbols and 
the method of information coding?” 
Such an analysis of perceptual capac- 
ity appears to be a logical extension 
of the trend, which began a number of 
years ago, to regard the present topic 
as one involving cognition rather than 
span of attention. 

| In 1929 Glanville and Dallenbach 
| proposed that “. . . the constant of 
the traditional ‘range of attention’ ex- 
periment is dependent on the degree of 
cognition involved in the report” (7, 
p. 210), and demonstrated such effects 
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experimentally. However, these in- 
vestigators measured performance in 
terms of the conventional limen, de- 
fined as that value of stimulus which 
has a 50% probability of being cor- 
rectly reported. This criterion meas- 
ure, which has been employed by 
most previous workers, now appears 
to be somewhat inappropriate. In 
the first place, the traditional com- 
putation of a limen treats all errors 
alike, whereas numerous recent ex- 
periments, such as that of Bricker and 
Chapanis (3), have shown that in- 
formation can be recovered by ex- 
amining the frequencies of different 
types of errors. In the second place, 
the types of functions obtained for 
limens and for information-trans- 
mitted measures lead to quite different 
interpretations. Whereas use of the 
conventional limen always indicates a 
reduction in perceptual performance 
with any increase in the level of 
cognition required in a task, informa- 
tion analysis often shows first an 
increase, then a leveling off, and finally 
a decline in performance (information 
transmitted) as stimulus complexity 
or stimulus rate is increased (1, 6, 8, 
10). Thus, in tasks involving differ- 
ent sizes of alphabets and different 
types of coding, the use of informa- 
tional analysis enables E to determine 
optimal performance conditions. It 
appears, therefore, that the problem of 
‘level of cognition” can be restated as 
the problem of “amount of informa- 
tion,” and a more sensitive measure 
of performance substituted for the 
conventional limen. 
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Recent evidence indicates that per- 


formance in processing information is 


'a function of the number of alternative 
symbols in the coding alphabet. Al- 
luisi, Muller, and Fitts (2) reported 
that the rate of information trans- 
mission in speeded perceptual-motor 
tasks increases as alphabet size is 
increased. Miller (9, 10), in sum- 
marizing recent studies of absolute 
discrimination, memory span, and 
span of perception, concluded that the 
amount of information transmitted 
often is improved by increasing the 
uncertainty per symbol, i.e., the size 
of the coding alphabet. 

Since S's ability to identify stimuli 
on an absolute basis is limited, the 
maximum number of stimulus cate- 
gories that can be used when the 
stimulus is varied along only a single 
dimension is small. Therefore, the 
most feasible means for increasing the 
size of a coding alphabet is to increase 
the dimensionality of the stimulus. 
In the present experiment, three 
levels of stimulus dimensionality were 
studied. Alphabets of symbols con- 
sisted of (a) color patches, (b) black 
two-dimensional forms (numerals), 
and (c) black forms on colored back- 
grounds (color-numeric symbols). 


EXPERIMENT I 
Method 


Symbols.—Nine homogeneous color patches 
formed one coding alphabet. Nine black nu- 
merals, “0” through “9” exclusive of “1”, formed 
another alphabet. In neither of these alpha- 
bets was a strictly one-dimensional coding 
scheme employed, since the color matches varied 
somewhat in brightness and saturation, as well 
as in hue, and since form is certainly multidi- 
mensional. A third and still more complex type 
of alphabet was formed by superimposing black 
numerals on color patches. This particular 
color-numeric alphabet resembled somewhat the 
one studied earlier by Glanville and Dallenbach 


(7), It was selected after the tryout of numer- 
ous other schemes, such as colored numerals. 

Numerals were 1.2 cm. wide by 2 cm. high, 
with 3-mm. stroke width, and were of a style 
providing good legibility. Color patches were 
2.5 X 3.2 cm. in size and were made of Color Aid 
Company papers. The nine colors were selected 
to be equally discriminable by extrapolating data 
published by Chapanis and Halsey (4) and were 
checked in a pilot study. The decision in regard 
to the maximum number of color categories to be 
used (nine) was based on the original data of 
Chapanis and Halsey (4) for spectral colors, and 
Conover’s (5) data for colored papers. 

Messages.—Messages were formed by select- 
ing a group of symbols at random and with re- 
placement (by means of random number tables) 
from one of the alphabets. In the case of the 
first two alphabets, color patches or numerals, 
four message lengths were used: 3, 4, 5, and 6 
symbols, Since the choice of each symbol (from 
among nine equally likely alternative symbols) 
provides approximately 3.17 bits, the informa- 
tion contained in these messages varied from 9.51 
to 19.02 bits per message. 

The length of messages was held constant at 
three symbols in the case of the color-numeric 
alphabet, but information per symbol was varied 
by successive restrictions on the size of the set of 
alternative color symbols used. In one case, all 
nine possible colors were used in all combinations 
with the nine numerals, so that the choice of each 
complex (color-numeric) symbol provided log: 
81, or 6.34 bits, and a message three symbols in 
length contained 19.02 bits. In other cases, 
however, only six and three possible colors, were 
used in combination with the nine numerals, 
reducing the information, respectively, to logs 
64 and log: 27 bits per complex symbol, and the 
total information per three-symbol message to 
17.25 and 14.25 bits, respectively. 

Exposure apparatus.—Symbols were exposed 
for .1 sec. behind a double-bladed shutter which 
was operated by a rotary solenoid. This ex- 
posure apparatus was mounted behind a 15 X 
4-cm. opening in a large gray screen. The level 
of direct illumination on the symbols was 38 
ft-c. 
Subjects.—Nine men and three women, all 
volunteers, served as Ss. 

Procedure.—The Ss were tested in groups of 
four. Two Ss sat at floor level 10 ft. from the 
screen; the other two sat on a 4-in.-high platform 
12 ft. from the screen. Each S was given one 
sion and 10 test sessions. During the 


practice ses: f : 
ion each S received 18 trials with each 


training sess 


3'This preliminary work was carried out by 
Raymond C. Sidorsky in collaboration with the 
second author of the present report. 
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of the three types of symbols, and with messages 
containing each of the different levels of infor- 
mation. 

The names assigned to the colors were Red, 
Yellow, Blue, Green, Violet, Flesh, Orange, Pink, 
and Indigo, in order that each name would have 
a unique first letter. Initial paired-associate 
training was given to ensure overlearning of these 
color names, and refresher training was given 
before each test session. 

During the first five test sessions data were 
collected only for colors and numerals. Each 
session consisted of 36 test messages for each 
type of symbol and for each of the four message 
lengths. Each group of four Ss worked under 
these conditions in a different random order. 
The complex symbols were used on the last five 
test sessions. 

Information was given as to the type of mes- 
sages that would be exposed and the size of the 
set of alternative symbols that would be used in 
each series of trials. An alerting signal sounded 
3 sec. before each message exposure, and Ss were 
instructed to fixate a dot on the center of the 
shutter as soon as they heard this warning. The 
Ss recorded first the color symbol and then the 
numeral for each complex color-numeric symbol 

(this sequence, of course, was arbitrary), They 
were told to guess, even if they had no idea what 
they had seen, i.e., to fill in all response blanks. 


TABLE 1 


AVERAGE InForMATION GAINED IN Bits FoR 
THE Two Stwprest ArrHaBETS IN Exp. I 
(Averages based on data computed sepa- 
rately for each of 12 Ss, 180 responses 
per S per condition) 


vd Symbol Position (Left to Right) Mean 
bols per EAE K TFA aaah cele cleat, 
Messages} 1 | 2| 3 | 4 | s| 6 |S¥mbol 
Numerals 
3 3.15 | 3.14] 3.14 3.14 
4 3.15 | 3.15| 3.14 | 3.15 3.15 
5 3.12 | 3.08} 3.05 | 2.71] 2.81 2.95 
6 2.83 | 2.92) 2.84 | 2.16} 1.65] 1.92} 2.39 
Colors 
3 3.02 | 2.91) 2.82 2.91 
4 2.84 | 2.61] 2.30 | 2.27 2.50 
5 2.29 | 2.04) 1.68 | 1.10} 0.90| 1.60 
6 2.04 |1.99| 1.44 | 1.11) 0.59] 0.52} 1.28 


a Hav per stimulus symbol = 3.17 bits, 


Results 


"The responses made by each of the 
12 Ss were analyzed separately for 
each of the symbol positions in each 
type of message and for each type of 
coding. Learning effects, after the 
initial training session, were very 
small and therefore the data for the 
same Ss under identical conditions 
were pooled across sessions. 

The results are summarized in 
Tables 1and2. Data are summarized 
separately for each symbol position, 
for each message length, and for colors 
and numerals separately in the case of 
the color-numeric symbols. The total 
amount of information transmitted in 
reporting each type of message is 
shown in Fig. 1 (which also shows 
some results from Exp. II). 

Performance with the complex color- 
numeric alphabet was greatly superior 
to performance with either colors or 
shapes alone. The average amount 
of information transmitted following 
the exposure of three complex symbols 
was 16.97 bits. This was significantly 
greater (P < .01 for N = 12 Ss) than 
the amount transmitted (14.30 bits) 
for six numerals, and this in turn was 
significantly better than performance 
with six color patches (7.69 bits). 
Differences among the three types of 
messages increased as the total in- 
formation in the message increased. 

There is an indication in the data 
that performance reaches a peak and 
then declines as message length is 
increased. Performance with colors 
was significantly better for messages 
containing only four symbols than for 
longer messages. Performance with 
numerals was slightly better when Ss 
saw five rather than six symbols, but 
the drop in performance was not 
statistically significant. Mean per- 
formance with the complex symbols 
had not reached a peak for the highest 
information messages used. 
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TABLE 2 


AVERAGE IxrogMATION GAINED IN Bits FOR THE COMPLEX ALPHABET IN Expr, I 
(Averages based on data computed separately for each of 12 Ss, 
180 responses per S per position) 


Symbol Position (Left to Right) 


Stimulus Information per 


Mean per Symbol 


Symbol Position 


2 3 


Color Shape Sum 


Color 


Shape Color | Shape 


1.58 3.17 475 1.54 3.10 1.50 3.09 1.53 3.07 1.52 | 3.08 
2.38 3.17 5.75 2.45 3.04 2.36 2.99 2.23 2.99 2,34 | 3.01 


3.17 3.17 


634 | 288 | 291 | 2.84 | 292 | 264 | 2.82 | 2.77 | 2.88 


For the first two alphabets the most 
information, on the average, was 
transmitted regarding the symbol in 
the left-hand position (which was re- 
corded first) and the least information 
was transmitted regarding the last 
two symbols on the right. These 
effects were largest for the longest 
messages. Individual Ss varied con- 
siderably in regard to position effects; 
a few did best on the center positions. 

When three color-numeric symbols 
were used, each of the symbol posi- 
tions conveyed an approximately 
equal amount of information, and Ss 
reported almost as much information 
about color as they did about shape. 


Experment II 


Because performance with the color- 
numeric symbols was found to be 
highest for the maximum information 
messages employed in Exp. I, whereas 
performance in reporting messages of 
similar information content but com- 
prised of less complex symbols had 
apparently passed a peak and begun 
to decrease, it was decided to conduct 
a further experiment including mes- 
sages of higher information content. 
Some of the lower information condi- 
tions of Exp. I were repeated for 
comparison purposes. 


Method 


Symbols.—The first two alphabets were the 
same as those employed in Exp. I; the third al- 
phabet was identical to the most complex color- 
numeric alphabet used in Exp. I, ie, nine 
numerals superimposed on nine color patches. 

Messages-—Messages of three levels of in- 
formation content, 12.68, 19.02, and 25,36 bits 
per message, were used. These were formed by 
using 4, 6, or 8 simple symbols or by using 2, 3, 
or 4 combined symbols per message. 

Subjects —Twelve volunteer students served 
as Ss. None had served in the earlier experiment, 

Procedure.—A procedures were identical to 
those followed in Exp. I. 


Total Information Transmitted 
z E R 


i] 


10 4 18 22 
Total Stimulus Information 


Fic. 1. Mean total information gained 
(transmitted) per message by Ss in Exp. I and 
II (N = 12 different Ss in each experiment). 
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Results 

Performance as a function of sym- 
bol position within a message followed 
the same general pattern as in Exp. I, 
and only mean performance per mes- 
sage need be considered here. These 
data are shown in Fig. 1. 

Six conditions were identical in 
Exp. I and II, except that new Ss were 
used. The relative magnitudes of 
these six points are identical in the 
two studies, but all points in Exp. II 
are slightly higher (by about .1 bit per 
simple symbol and .2 bit per complex 
symbol) than corresponding points in 
Exp. I. These results provide strong 
confirmation of the findings for Exp. I. 
The slight but consistent superiority 
of Ss in Exp. II could easily be due to 
sampling of individuals, since the 
range of individual differences among 
Ss within groups was of the order of 1 
bit per symbol position in a message. 

The use of color-numeric symbols 
again led to significantly better per- 
formance than did the use of colors or 
numerals alone (P < .01). All 12 Ss 
did better in reporting about the more 
complex symbols than in reporting 
about either of the simpler symbols at 
all three levels of message information. 

The difference in information gained 
after viewing four color-numeric sym- 
bols, and after seeing three of these 
symbols, favored the former by a 
slight amount, but the difference was 
not significant (P > .05). All 12 Ss 
transmitted more information about 
six numerals than about eight, and all 
Ss gained more information in viewing 
four than in viewing five or more 
color patches. It appears, therefore, 
that performance in this type of task 
generally reaches an optimum for a 
given type of coding, as stimulus in- 
formation is increased, and then 
declines, 
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CRITICAL EVALUATION OF THE PRES- 
ENT USE or INFORMATION 
ANALYSIS 


The discussion of the present results is in two 
parts. The first deals with the limitations of the 
information measure when employed in this type 
of study, and considers some of the factors affect- 
ing the amount of information conveyed by 
absolute judgments (see also the recent discus- 
sion by Alluisi [1]). Such a critical evaluation 
is indicated in view of our previously stated crit- 
icism of the traditional methodology involving 
the computation of limens. 

Sequence followed in recording responses.—In 
order to check the supposition that the symbol 
dimension which was written down first was 
favored, the two possible orders of reporting 
color and shape were investigated in a supple- 
mental study. The dimension recorded first was 
found to be reported significantly more accu- 
rately. Thus, in Exp. I and II the superiority 
of shape over color would probably have been 
even greater had the arbitrary order of reporting 
been reversed. 

Central vs. peripheral vision.—Part of the rela- 
tive superiority of complex over simple symbols 
may be due to the fact that a greater proportion 
of the complex symbols were viewed in central 
vision since they can be arranged more compactly 
for a given amount of information per message. 
In order to check the supposition of a central vs. 
peripheral vision effect, performance with the 
complex symbols was also determined for a con- 
dition in which they were grouped in a square 
pattern, resembling the “square span” typo- 
graphic arrangement studied by Nahinsky (11), 
and it was found that significantly fewer errors 
were made in reporting about six symbols ar- 
ranged in a square as compared with a line pat- 
tern. It is concluded that their more compact 
visual pattern accounted for part of the superi- 
ority of messages comprised of the complex 
symbols, and that information transmission per 
tachistoscopically exposed message can be in- 
creased by compact grouping of symbols. It 
should be noted that this is a perceptual effect, 
since the amount of information to be remem- 
bered and the mode of subsequent responding 
was the same regardless of the grouping of the 
stimulus symbols. 

Nonindependence of errors.—ln the present 
analysis each symbol position (and dimension) 
in a message was treated separately. This wasa 
necessary expediency, since by this procedure 
each set of pooled data could be summarized in 
a 9 X 9 contingency table with cell frequencies 
that were sufficiently large for the log p oper- 
ator employed in information analysis. Such an 
independent analysis of each symbol position, 
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however, does not correct for any dependencies 
among the responses to successive symbol posi- 
tions. The computations therefore provide an 
underestimate of transmitted information when- 
ever additional information could be recovered 
by analyzing all possible relations among errors. 
The alternative is to analyze as a unit the entire 
series of Ss’ responses; however, this would have 
required, in the case of the maximum message in 
Exp. II, the compilation of frequency data for a 
contingency table having almost a million entries 
for each axis, clearly an impractical undertaking. 
One check was made on the degree of underesti- 
mation introduced by the present computational 
simplification, One of the most commonly ex- 
pected effects, if errors are correlated, would be a 
response in which adjacent pairs of symbols are 
reversed (a transposition error). The frequency 
of this particular type of error was checked by 
hand in a pilot study and found to occur with 
only a very slightly greater than chance fre- 
quency, a frequency which would have a negligi- 
ble effect on the estimate of information trans- 
mitted. 'The extent of the underestimation of 
information transmitted because of the neglect 
of transposition errors and similar effects would 
therefore appear to be slight, and in any event 
should be relatively uniform for all experimental 
conditions, 

Individual vs. group data—In the present 
study a separate information analysis was made 
on the data for each of the 12 Ss. Some Hs have 
preferred to pool their data before applying the 
information analysis, since this also simplifies 
the computations. To the extent that Ss make 
consistent and peculiar types of errors not ordi- 
narily made by other Ss, however, the present 
procedure provides the correct estimate of in- 
formation transmission capacities of individuals. 
It also permits statistical tests of the significance 
of mean differences, based on variance among Ss. 
Estimates of average information transmission 
computed in this manner are slightly higher than 
estimates computed from pooled data. 

Level of training of Ss—It has been shown (12, 
13) that slow but significant improvement in per- 
formance results from continued tachistoscopic 
training. The present data, therefore, should 
not be interpreted as indicating the maximum 
abilities of Ss to learn to extract information 
from symbols during a brief exposure period. 
Instead, the results should be generalized to 
conditions where only moderate amounts of 
training are given. 


Discussion 


The present experimental findings in- 
dicate that the amount of information 
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that can be reported about stimuli ex- 
posed for .1 sec. reaches a maximum for 
some particular message length and 
complexity, and becomes less for longer 
or more complex messages. Maxima 
occurred at different levels of stimulus 
information for the three alphabets ex- 
amined in the present experiments. 
Since similar types of functions have been 
found in studies of information handling 
rate in serial tasks, it appears that per- 
formance in both discrete and in serial 
tasks is optimum for some specified range 
of stimulus information. Whereas the 
traditional question regarding perceptual 
ability has been “How many stimulus 
objects can $ count, identify, or describe 
correctly ?” it appears that a more useful 
form of the question is “Under what 
conditions is the amount of information 
that $ can report about a group of 
stimulus objects at a maximum?” 

It is obvious from the present results 
that optimum performance, as measured 
by the amount of information trans- 
mitted per message, is a function of the 
stimulus code employed. One factor 
which limits performance in the present 
task is the ability of Ss to identify each 
symbol on an absolute basis. Although 
most Ss can identify the nine symbols 
employed with the color alphabet under 
normal viewing conditions, it is possible 
that they experience difficulty in dis- 
criminating each of the colors, and per- 
haps even in discriminating some of the 
shapes, under tachistoscopic-exposure 
conditions. Another limiting factor is 
memory ability, including such recoding 
(naming) of symbols as is required before 
they can be reported. On the basis of 
these two considerations it would appear 
that the information gained during a 
brief exposure of a coded message should 
be maximum when the number of sym- 
bols is within the memory span of Ss, and 
when some form of multidimensional 
coding is employed which does not exceed 
Ss’ ability for absolute discrimination. 
In theory, under these conditions, the 
limit on amount of information gained 
should be set by Ss’ facility in recoding 
the information conveyed by the com- 
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plex symbols into a form suitable for 
short-term memory. 

The use of shape-coded symbols, which 
in some respects are more complex than 
color symbols, permitted higher maxi- 
mum information transmission than did 
color symbols, and the use of combined 
color-numeric symbols enabled Ss to 
report an even greater maximum amount 
of information, - Thus, in these three 
instances the greater the complexity or 
"dimensionality" of the symbols com- 
prising an alphabet, the greater was the 
peak amount of information that was re- 
ported about the displayed message. 
'This finding agrees with the preceding 
argument and also is in agreement with 
results obtained in other types of tasks, 
such as sorting objects (6), extracting 
information from dot and matrix patterns 
(8), and responding quickly to numeric 
symbols drawn from alphabets of differ- 
ing size (2). However, the total in- 
formation gained even with the most 
favorable of the present codes is not 
particularly impressive. Independent 
studies indicate that approximately seven 
categories can be discriminated along 
most simple stimulus coding dimensions, 
and that about seven "chunks" of in- 
formation can be remembered momen- 
tarily (10). If Ss could discriminate as 
well when viewing seven stimuli simul- 
taneously, and remember accurately 
about all seven objects, the net amount 
of information gained would be approxi- 
mately 20 bits (710g? 7). It is perhaps 
only fortuitous that maximum perform- 
ance in the present task was at approxi- 
mately this level. 

Use of the background space surround- 
ing a form to convey information, along 
with the information conveyed by the 
form itself, may have numerous practical 
applications, such as in situations where 
the total area available for a display is 
limited. Also, as pointed out earlier, 
multidimensional coding permits more 
efficient use of central vision. Theo- 
retically, the ability of Ss to observe and 
report approximately equal amounts of 
information regarding both figure and 
background characteristics, and to report 
more total information in such cases than 
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when they report only about one or the 
other aspects of the stimulus field, sup- 
ports the generally held view that 
perception of figure and ground is a 
unitary process. 


SuMMARY 


In the present experiments the problem of 
how much S can perceive during the brief ex- 
posure of a group of stimulus objects is re-ex- 
amined from the viewpoint of the relation of 
amount of information transmitted to informa- 
tion coding and amount of information displayed. 

Groups of homogeneous color or shape sym- 
bols, or combined color-numeric symbols, were 
exposed for .1 sec. The information content 
of the groups of symbols (messages) varied from 
9.51 to 25.36 bits per message. The Ss wrote 
down estimates of all the symbols in each mes- 
sage. Results were analyzed separately for each 
S in terms of information transmitted. 

Performance at first increased and then de- 
creased as information content per message was 
systematically increased, reaching different 
maxima for each of the three coding schemes 
studied. From the present viewpoint, therefore, 
it is not meaningful to summarize perceptual 
ability in terms of the number of objects that can 
be reported following a brief exposure; it can 
only be said that reporting ability is maximum 
for messages of some specific level of complexity 
(information content). 

Maximum ayerage information transmitted 
about color (Exp. II) was 10.44 bits per exposure, 
with messages that contained four color sym- 
bols. Maximum average information trans- 
mitted about numerals (Exp. II) was 14.94 bits, 
with messages that contained six symbols. 
Maximum information transmitted about the 
color-numeric symbols was 18.64 bits, with four 
symbols; this was significantly greater than the 
information transmitted after exposure of any 
of the messages comprised of the two simpler 
alphabets. 

In spite of the relative superiority of the color- 
numeric alphabet, the information gained from 
viewing groups of these complex symbols for a 
„l-sec. interval is somewhat less than would be 
predicted from independent data regarding (a) 
ability to identify stimulus levels along single 
coding dimensions on an absolute basis under 
favorable viewing conditions, and (b) immediate 
memory ability. 

The superiority of the color-numeric symbols, 
whose use required Ss to report data regarding 
both figure and background, is consistent with 
the notion that figure-ground perception is 4 
unitary process; however, this superiority may 
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be due at least in part to more effective use of 
central vision and/or to more effective recoding 
of information for immediate memory. 
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DISCREPANCY FROM ADAPTATION LEVEL AS 
A SOURCE OF AFFECT! 


RALPH NORMAN HABER 


Yale University 


This study is an attempt to specify 
the antecedent conditions which pro- 
duce affective arousal. Little theo- 
rizing or research has been done in 
this area even though the concepts 
of “affect” and “affective arousal” 
are being included in contemporary 
theories of motivation (2, 7, 10, 11). 
Whenever such a concept is employed, 
the theorist i$ pressed to find an 
antecedent definition of it, since in 
most cases a consequent defined 
concept of affect leds to circularity. 
McClelland, Atkinson, Clark, and 
Lowell (7) have developed a theory 
based, in part, on Hebb’s (5) neuro- 
logical model of the origin of affect 
and Helson’s (6) notion of adaptation 
level. According to McClelland’s dis- 
crepancy hypothesis as to the origins 
of affect, “Positive affect is the result 
of smaller discrepancies of a sensory 
or perceptual event from the adapta- 
tion level of the organism; negative 
affect is the result of larger discrepan- 
cies” (7, p. 43). The discrepancy 
hypothesis predicts that affects as a 
function of discrepancy from the 
adaptation level (AL) should be a 
symmetrical “butterfly” curve, as 
shown in Fig. 1. Affect is now stated 
to be a function, not of increasing 
physical intensity per se, but of the 
size of the discrepancy between 


1 This research was performed at Wesleyan 
University while the author was on a Behavioral 
Science Fellowship from the Ford Foundation, 
and also with the assistance of a Grant-in-Aid 
from the Ford Foundation to David C. McClel- 
land. The author gratefully acknowledges this 
double debt to the Ford Foundation and espe- 
cially to Dr. McClelland. Portions of this paper 
were read at the 1958 APA convention. 


the adaptation level (expectation or 
adaptation) of the organism, and the 
stimulus (perception). 


The concept of adaptation level was devel- 
oped by Helson. He regarded the AL as being 
experientially determined: “The effects of 
stimulation form a (central) spatio-temporal 
configuration in which order prevails.” Within 
this pattern, “there is assumed a stimulus that 
represents the pooled effects of all the stimuli, 
and to which S is attuned or adapted" (6, p. 2). 

Hebb’s (5) neurological model of the origins 
of affect holds, briefly, that when nerve impulses 
reach the cortex, they set up cell assemblies; 
patterns of excitation in specific nerve nets that 
follow designated paths and orders of firing. 
After the assemblies have been established, 
according to Hebb, further excitation may have 
several effects. If the incoming impulses are 
in the same pattern as the established assembly, 
the assembly short-circuits, i.e., the excitation 
of any one element in the assembly will fire the 
whole pattern. This corresponds to boredom— 
to complete and exact fulfillment of all “ex- 
pectations.” If, however, these impulses are 
sufficiently different from the assembly to alter 
it slightly or to add new patterns to it, the 
conscious experience is pleasure or positive 
affect» The final possibility is excitation so 
different as to completely disrupt the assembly, 
resulting in displeasure or pain. 


The present experiment is designed 
to test the discrepancy hypothesis 
as an explanation of variation’ in 
affect experienced in the ‘“tempera- 
ture sense.” The adaptation level 
is that temperature of water to which 
S’s hands are adapted, and discrepan- 
cies are different temperatures of 
water in which S’s hands are put. 
The S is asked to judge his affective 
reaction to the temperature changes 
by comparing simultaneously two 
discrepancies from the same AL, one 
for each hand. 

Adaptation occurs immediately to 
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temperatures identical with the nor- 
mal skin temperatures of S, and in a 
matter of seconds to temperatures 
slightly above or below normal skin 
temperature, where a slight time 
_lagis required for the skin temperature 
to shift to this new value. When 
the adapting temperature is increased 
sufficiently above or below skin tem- 
perature so that -adaptation is im- 
possible, then no AL can be estab- 
lished because the adapting tempera- 
ture will feel warm or cool itself. 
Discrepancies beyond this point 
should no longer produce the rela- 
tionship postulated in Fig. 1. The 
exact nature of the reaction to 
them cannot be predicted in advance, 
except that for very high tempera- 
tures it should be unpleasant to 
practically all further increases in 
temperature and for very low tem- 
peratures it should be unpleasant for 
all further decreases in temperature. 


METHOD 


Apparatus—The comparison stimuli were 
ten 10-qt. buckets of water arranged in a horse- 
shoe, with an eleventh bucket as the standard 
stimulus, designated the AL bucket. The S 
sat in the center of the horseshoe, which was 
small enough to allow him to put botli*tiands 
in all possible combinations of buckets. Heat 
was provided by 11 600-w. heating units, each 
with a variable resistor, and each connected 
to a variable transformer, having a maximum 
output of 7.5 amp. and 135 v. Water tempera- 
tures could be held constant over time by making 
heat input equal heat loss from the body of 
water, Adjustment and control of tempera- 
tures was possible to a degree finer than neces- 
sary for the discriminations made in this experi- 
ment, The size of the buckets was sufficient 
to prevent any shifts in temperatures resulting 
from immersion of the hand of S for short 
periods of time. All temperatures are stated 
in degrees Centigrade. 

Procedure—The Ss were eight paid male 
Wesleyan University undergraduates. They 
were tested in individual sessions, each varying 
from 1 to 2 hr. In each session there were 80 
to 135 judgments. As S entered the horseshoe 
for each session, the skin temperature of his 
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Fic. 1. Affect as a function of discrepancies 
above and below the AL (hypothetical). 


hand was recorded by a chemical thermometer 
on the palm. Then he was told which bucket 
was the standard or AL bucket and was told to 
place both hands in it to the wrists. A light 
mark on the wrist was useds*o assure uniformity 
of immersion. The S was instructed to report 
when the water in the AL bucket felt neutral 
(i.e., no temperature. sensation) to both hands. 
This was to obtain .nitial adaptation. ‘Then 
S was instructed to place each hand simul- 
taneously in a different comparison bucket, the 
correct ones being designated each time by E. 
The S then had to remove one of his two hands, 
the one that felt less pleasant. His report was 
required within 3 sec. after immersion, and 
no indifferent report was allowed. Then both 
hands were returned to the AL bucket and the 
process was repeated. It was emphasized by 
E that there was no “gimmick” or game to 
outguess, but that each choice was to be made 
on the basis of the pleasantness or unpleasantness 
of the individual comparison. 

The temperature of the AL bucket was 
designated as 0? discrepant from the AL, Then 
all the comparison buckets were also designated 
as a specific discrepancy from the AL. Hence, 
if the temperature of the AL bucket was 33° 
and the two comparison buckets were 34° 
and 36°, then S had to make a hedonic choice 
between a discrepancy of +1° and +3°. If 
the AL was 34° and the two comparison buckets 
were the same as above, then the choice involved 
a 0° versus a +2° discrepancy. Table 1 shows 
the frequency of presentation of each comparison. 

The Weber fraction for temperature sensa- 
tion yields a j.n.d. of less than .1° in either 
direction (4) when the water is at skin tempera- 
ture. This j.n.d. increases rapidly so that it is 
over 2.9? when the temperature is 48°. In view 
of this, the discrepancies chosen for the study 
are far enough apart to be easily discriminated. 

In the climate of central Connecticut in 
spring, the average skin temperature is abou! 
33°. However, extra buckets were maintained 
in the horseshoe to insure proper discrepancies 
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TABLE 1 


Frequency or PRESENTATION or EACH 
Comparison IN EAcH SESSION 


0° 1° 2° 3° 7° 
Tbe 15 

2 15%: 15* 

s 15 15 TSN 


Qn Si 3 cbd 5 
5 5 


* In some sessions, a 2° discrepancy was not used, 
Its exclusion leaves a logarithmic scale of discrepancies. 


in terms of the skin temperature of each S as he 
began the session. This was necessary when 
S’s skin temperature differed by more than a 
degree from 33°, 

Three separate functions of the relationship 

between affect and discrepancy from AL were 
studied. (a) Five Ss were used to establish the 
function when the AL was set at or near skin 
temperature and the comparison buckets in- 
creased by discrepancies of 0°, 1°, 3°, 7°, and 15°. 
Each S served in two sessions with these settings. 
(b) The same five Ss were used to establish the 
function when the AL was set at or near skin 
temperature and the comparison buckets de- 
creased by discrepancies of 0°, 1°, 3°, 7°, and 15°. 
Each S served in two sessions with these settings. 
(c) Three Ss were used to study the effects on 
the butterfly function when the AL was in- 
creased above skin temperature. Each of these 
Ss completed two sessions for each setting of the 
AL: 33°, 34°, 35°, 36°, 38°, and 40°, or 12 ses- 
sions for each S. In every one, the comparison 
buckets increased by discrepancies of 09,715; 
2°, 3°, 7°, and 15? from the AL. (There were 
no equivalent sessions for systematic decreases 
in the AL.) Note that for these three Ss, when 
the AL was set near their skin temperature (one 
of the 6 AL’s used), the same function was being 
tested as the five Ss used in Part a. Hence, 
data relevant to the AL set near skin tempera- 
ture will be presented for eight Ss. 

The data were paired-comparison judgments, 
which were transformed into a continuous scale 
of preferences on the basis of the number of 
times a discrepancy was preferred in relation 
to the number of times it was offered. Hence, 
if a particular discrepancy was offered 55 times, 
and in these it was preferred 40 times, it had a 
value of 73%. If some other discrepancy was 
offered 55 times and preferred 31 times, it had 
a value of 56%. The significance of the differ- 


ence between any two values was tested by a x? - 


technique. For example, to test the difference 
between the 0 and the 1 discrepancies for a 
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given S, a 2 X 2 x? table was used, with mar- 
ginals labeled: discrepancy, 1 and 2; and prefer- 
ence; preferred to all others; not preferred to all 
others. 'The judgments of preference between 
the 0° and 1° were split, half being included for 
the 0? and half for the 1°. This avoided double 
counting and inflated JV's. i 

All tests of significance were applied to one S 
at a time, and used data of only one session. 
For each S in each session, two x? tests were 
computed, testing the highest preferred dis- & 
crepancy against the two adjacent discrepancies. 
Hence, if the 1? discrepancy was preferred the 
most, it was compared to discrepancies of 0? 
and 3*. 

The presentation order of the stimuli was 
randomly varied from session to session and 
from S to S, as was the position of the stimuli 
in the horseshoe. The buckets were so arranged 
that there were at least two buckets for each 
discrepancy stimulus, one on either side of the 
standard bucket. This prevented Ss from 
learning place cues as quickly, and allowed the 
Same comparisons to be tested using different 


TABLE 2 


ArrECT AS A FUNCTION or THE DISCREPANCY 
or TEMPERATURES ABOVE AND BELOW 
THE ÀpAPTATION LEVEL ) 


(Cell entries are the percentages of times each Y 
discrepancy was chosen in relation to the 
number of times it was offered 
; 
2 


as a choice with all other 
discrepancies.) 


r Discrepancy 
S 
0? 1? e 3° 25/1352 
& 
Above the Adaptation Level 
S, 64 96 46 6 0 
2 49 | 100 57 6 0 
S, 68 98 40 6 0 
S, 38 69 94 6 0 
s» | 34 70 94 | 12 0 
S, 60 94 | 74 13 4 0 i 
S; | 40 | 8 | 72 | 30] 4] 0 1 
" 14 44 | 74 98 4 0 
Below the Adaptation Level 
S, 62 94 48 8 0 | 
So 62 | 100 44 6 0 
S, | 68 | 100 38 6 0 
S, 66 98 42 6 0 
Ss | 72 94 40 6 0 


of buckets. Consistent hand preferences 
— were looked for by interspersing choices between 
equal stimuli. No S had to be eliminated on 
“this account. The S never had to make judg- 
ments between stimuli where one was above and 
the other below the AL. Stimuli above the AL 
were always in a different session from stimuli 
below the AL. This was done to avoid any 
difficulties arising out of the possibilities of two 
distinct receptor systems being in operation, one 
for cold and another for hot. 


ReEsuLts 


When the AL was set at or near the 
skin temperature for each S and the 
comparison buckets increased by a 
logarithmic scale (discrepancies of 
0°, 1°, 3°, 7°, and 15° with the in- 
clusion of a discrepancy of 2° for 
three Ss), affect first increased and 
then decreased. This was found with 
all eight Ss. For five Ss, the maxi- 
mum pleasure point (MPP) was a 
+1° discrepancy. For each of these 
Ss, +1° was significantly (P < .01) 
preferred to either 0? or the next 
highest discrepancy. Three Ss pre- 
ferred a 4-3? discrepancy as the MPP. 
Analogous x?'s reached at least the 
same significance levels. For each 
S in every session, there was only one 
maximum for the function, with a 
. decrease on both sides of the maximum 
point. 

x When discrepancies less than the 
is AL were tested, all five Ss preferred 
: an MPP of —1° discrepancy below 
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Fic.2. Affect as a function of discrepancies 
Of temperatures above and below the AL. 
Data taken from Table 2. 
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TABLE 3 


AFFECT as A FUNCTION or DISCREPANCY OF 
Temperatures ÅBOVE THE ADAPTATION 
LEVEL, WHEN Apapration LEVEL was 
IxcREAsED FROM 33° To 40° 


(Cell entries are the percentages of times each 
discrepancy was chosen in relation to the 
number of times it was offered 
as a choice with all other 
discrepancies.) 


Discrepancy 


0° iP 29 3° 


Ss | 36° | 97*| 73 | 43 | 13 


S: | 36° | B4 | 86* | 43. | 13 


Ss | 36° | 56 | 67. | 75* | 27 
60 


ee mee peepee ee | CS 
209990| secco oooooo|^* 


* Indicates the most preferred discrepancy. 


the AL. All 20 x? tests were signifi- 
cant (P « .01). Hence, for the five 
Ss tested for both wings of the 
“butterfly,” affect was symmetrically 
related to the discrepancies in each 
direction from the AL (see Table 2 
and Fig. 2). 

In studying the effect of increasing 
the value of the AL with all three Ss, 
the AL could be increased from 
33? to 35? without changing Ss' pre- 
ferred discrepancy (MPP); +3° in 
one case, and +1° in the other two. 
As the AL increased further, the 
difference,between the MPP and the 
AL¥decreased until, forfone S, the 
MPP for an AL of 36? was also 36^; 
i.e., a zero discrepancy was preferred. 
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DISCREPANCY FROM ADAPTATION LEVEL 
IN LOGARITHMIC UNITS. 


Fic. 3. Affect as a function of discrepancies 
of temperatures above the AL, when the AL is 
increased from 33? to 40°, Data taken from 


"Table 3. 


For the second S, the MPP was 
equal to a zero discrepancy at an AL 
of 38°. The third S did not reach an 
MPP of zero discrepancy until the 
AL had reached 40?. Above these 
points, the affect curve decreased in a 
linear fashion as discrepancy from 
AL increased further. With these 
three Ss, it was impossible to estab- 
lish complete adaptation above 38?. 
'This was defined as not being able 
to report the neutral sensation in the 
AL bucket. Above this value, all 
Ss reported a feeling of warmth. 


Discussion 


These results supply ample support 
for the discrepancy hypothesis as to the 
sources of affect in the temperature 
sense. For an AL set at or near skin 
temperature, affect increased and then 
decreased as a regular function of dis- 
crepancies from the AL when the dis- 
crepancies were both above the AL and 
below it. AL’s were also established 
above normal skin temperatures in 
three Ss up to 38°. Geldard (4, p. 220) 
reports that a temperature of 38? takes 
4-5 min. to adapt, while in this experi- 
ment, Ss rarely took that much time to 
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report adaptation. Since Ss knew the 
session would last only as long as the 
time required to make the specified 
number of judgments, in some cases 
they may have reported complete adap- 
tation before it had actually occurred, 
to speed up a somewhat boring task. 
If this happened, it might explain the 
leveling out of the "butterfly" effect. 
It is interesting to speculate as to whether 
the butterfly would have remained 
intact if adaptation had been complete 
at higher temperatures. Following 
Hebb's theory, this should be expected, 
because once a cell assembly is estab- 
lished, a slight discrepancy from it 
should be pleasurable. But if the as- 
sembly is not fully organized (i.e., 
adaptation is incomplete), then the 
discrepancy is measured from whatever 
assemblies are organized. This implies 
that if adaptation to 40? is not complete, 
41° is not a discrepancy of +1° but 
really 4-3? or +4°, depending upon 
the maximal temperature to which $ 
is adapted. Accepting this reasoning, 
affect is produced according to the 
discrepancy hypothesis whenever adap- 
tation is complete, and that in the 
temperature sense, there is a considerable 
range over which adaptable AL's can 
be established. 

This experiment involved the actual 
adaptation of the sense organs, not the 
central tendency of a series of sensations 
over time as in many of Helson's ex- 
amples. The discrepancy hypothesis is 
applicable to this latter case, where the 
cell assembly would be the pattern of 
central nervous system activity resulting 
from repeated stimulation of a sensory 
nerve. Alpert (1) demonstrated the 
establishment of an adaptation level 
defined as the summation of previous 
auditory stimulation. He chose a pat- 
tern of very unfamiliar beats, making 
up a unique rhythm, as a single stimulus, 
and presented it many times. He 
argued that, at first, it would be so 
discrepant from previous AL's for 
rhythm that it should be unpleasant. 
As it was repeated, the previous AL's 
would be modified to include this new 
pattern. In this way, the discrepancy 
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should decrease and the stimulus would 
become more pleasant. Eventually, the 
AL should become identical with the new 
pattern and the affect would be indif- 
ferent. Alpert verified these predictions. 

The discrepancy hypothesis is not the 
only possible explanation ofaffect. Any 
of the various forms of a tension reduc- 
tion theory (e.g., 8) might be extended 
to explain affect by assuming that central 
nervous excitation is minimal when the 
end-organs are adapted, and that any 
change from adaptation will produce 
an increase in stimulation. If increases 
in stimulation set up a drive state which 
S tries to reduce (which would appear 
to be a behavioral definition of negative 
affect), then a zero discrepancy from 
the AL should be preferred over all 
larger discrepancies, according to this 
theory. This prediction is clearly not 
borne out by these data, where small 
discrepancies from AL are decidedly 
preferred to zero discrepancies. This 
implies that increases in stimulation can 
be pleasurable, i.e., sought in themselves 
and not simply as a means to anxiety 
reduction, a fact that some tension- 
reductionists (e.g., 3, p. 5; 9) are just 
coming to recognize. Olds' data (10) 
on the reinforcing effects of increases in 
septal stimulation also support this view. 
These data seem more in line with a two- 
factor theory of motivation: that indi- 
viduals may approach “pleasurable” 
objects in addition to avoiding “un- 
pleasurable” ones. The discrepancy 
hypothesis is an attempt to give an 
independent definition to what is pleas- 
ant or unpleasant, independent of the 


resulting approach or avoidance behavior. 


SuMMARY 


The Ss adapted both hands to water at or 
near skin temperature, and then placed each 
in water of different temperatures, behaviorally 
making an affective response as to the more 
pleasant temperature by withdrawing immedi- 
ately the less comfortable hand. The results 


showed that small discrepancies from the 
adaptation level of the hands were more pre- 
ferred than either larger discrepancies or zero 
discrepancies. Adaptation levels were then 
established above normal skin temperature in 
three Ss. The affective function shifted from a 
“butterfly” to a monotonically decreasing curve 
when the adaptation level was increased suf- 
ficiently. The discussion pointed out some of 
the implications of these data for motivational | 
theories. 
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ANAGRAM SOLUTION TIMES: A FUNCTION OF LETTER 
ORDER AND WORD FREQUENCY ! 


M. S. MAYZNER ax» M. E. TRESSELT 
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'The present study is concerned with 
the effect of letter order and word 
frequency on anagram solution times. 
Anagram letter order refers to the 
rearrangement of the letters from 
their correct position in the word. 
Ten particular rearrangements or 
letter orders were selected for study. 
Five letter orders, designated “easy,” 
were picked on a basis of maximizing 
the “similarity” of word letter order 
and anagram letter order. Thus, if 
word letter order is numbered 12345, 
an easy anagram letter order might 
be 23451, i.e., the first letter of che 
word is the last letter of the anagram, 
the second letter of the word is the 
first letter of the anagram, etc. Five 

. other letter orders, designated “hard,” 
. were picked on a basis of minimizing 
, the "similarity" of word letter order 
pis anagram letter order, e.g. a 
hard anagram letter order might be 
52413.. Since with an easy letter 
order fewer movements of letters 
are required to place them in their 
proper position for word solution 
than with a hard letter order, it was 
hypothesized easy letter order ana- 
grams would have faster solution 
times than hard letter order anagrams. 

'The second variable selected for 
study, word frequency as measured 
by Thorndike-Lorge frequency counts 
(6), has been found to have an 
appreciable effect on word recognition 
times (5). It is reasonable to expect, 
then, that it might have an analogous 


1The authors wish to express their thanks 
to Paul S. Olmstead of Bell Telephone Labora- 
tories for his helpful advice on the statistical 
portions of this paper. 


effect on anagram solution times. 
Therefore, it was hypothesized that 
anagrams whose solutions are words 
having high Thorndike-Lorge fre- 
quency counts would have faster 
solution times than anagrams whose 
solutions are words having low fre- 
quency counts. 


METHOD 


Subjects —Forty Ss from introductory psy- 
chology classes at New York University were 
employed in the experiment, 20 in each of the 
two major conditions. 

Material—The stimulus material consisted 
of 20 five-letter anagrams typed in caps on plain 
white 3 X 5-in. index cards. The 20 words 
from which the anagrams were constructed were 
selected from the Thorndike-Lorge word list 
to provide four groups of five words each, difer- 
ing in frequency of occurrence as follows: 
Group VF (very frequent) was characterized 
by words occurring 100 times or over per million. 
and were chair, sugar, train, party, and labor; 
Group F (frequent) by words occurring at least 
50 times per million and not so many as 100 
times per million and were Peach, model, clerk, 
fault, and giant; Group I (infrequent) by words 
occurring at least once per million and not as 
many as twice per million and were patio, cobra, 
roach, baton, and jaunt; and Group VI (very 
infrequent) by words occurring less than once 
per million but more than once per four million 
and were tango, groin, peony, ghoul, and triad. 

Experimental design.—The Ss were assigned 
randomly to the two major conditions which 
involved presenting the same 20 words in either 
the easy or the hard letter orders. The five easy 
letter orders were: 12354, 23451, 51234, 34512, 
45123. The five hard letter orders were: 14253, 
25314, 52413, 31425, 42513. In brief, 20 Ss 
received 20 words employing five different easy 
letter orders each repeated four times for the 
four frequency groups, while another 20 Ss 
received the same 20 words employing five 
different hard letter orders each repeated four 
times for the four frequency groups. 

Procedure—The Ss were told that a five- 
letter anagram is simply five scrambled letters 
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which when properly rearranged will make a 
single five-letter word. After being shown an 
example, they were informed that they would 
have 20 anagrams to solve, and if they could not 
find a solution in 4 min., the correct solution 
would be given to them before going on to the 
next one. Solutions were given by S verbally 
(ie, S had no paper or pencil) and solution 
times were recorded with a stop watch. All Ss 
were tested individually. 


ReEsuLts 


Because of the nature of the dis- 
tributions of the five time scores for 
each word group (VF, F, I, and VI), 
letter order (Easy and Hard) com- 
bination for each S, the S’s median 
time score for each combination 
was selected as most representative 
of his performance for analysis. 

Table 1 gives the major results of 
the study showing means, SD’s, 
medians, and ranges for the time 
scores. Both means and medians 
seveal a steady increase ia anagram 
rolution times going from the Easy 
Order-VF condition to the Hard 
Order-VI condition, except for one 
slight reversal between the VF and F 
word groups under the easy letter 
order condition. Within this design 
several comparisons are possible. To 
evaluate the effect of the letter order 
variable, comparisons of the easy 
versus hard letter order conditions 
for each of the four word frequency 
groups, were carried out employing 
the Mann-Whitney U test (4). All 
comparisons yielded probability 
values well below the .001 level. 

In evaluating the effect of the word 
frequency variable, two separate 
analyses were made. Under each 
letter order condition, the Friedman 
Two Way Analysis of Variance by 
Ranks Test (3) was employed. The 
probability value associated with the 
word frequency groups comparison 
under the easy letter order condition 
was less than the .01 level, while the 
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TABLE 1 


ANAGRAM SOLUTION Times (IN Sec.) FoR LETTER 
Orver AND Worn Frequency CONDITIONS 
(Basep on Mep1ans) 


Group Mean SD Median | Range 
Easy Order 
VF 97 EA 8.5 | 2-19 
F 7.3 4.2 6.0 | 2-15 
I 20.5 | 23.8 12.0 | 4-89 
VI 46.8 | 663 13.0 | 2-237 
Hard Order 
VF 510 | 58.6 25.0 | 5-240 
n 55.7 | 674 32.5 | 7-240 
I 1165 | 83.0 96.0 | 18-240 
VI 135.0 | 91.6 | 1510 | 21-240 


Note.—Time scores on which means, SD's, medians, 
and ranges are calculated are the median solution times 
for each frequency group of five anagrams. 


equivalent probability value yielded 
for the word frequency groups com- 
parison under the hard letcer order 
condition was less than the .001 level. 


Discussion 


The results of this study demonstrate 
the highly significant effect of letter 
order and word frequency variables on 
anagram solution times. A suggested 
theoretical framework designed to ac- 
count for the effect of these variables 
would involve the following considera- 
tions. An anagram constitutes a prob- 
lem whose stimulus properties tend to 
evoke a variety of implicit responses 
on the part of $. When the number 
of letter rearrangements or letter move- 
ments is few to go from anagram to 
word solution, as in the easy letter order 
condition, fewer implicit responses or 
hypotheses presumably are needed to 
solve the anagram than when many 
letter movements are needed. It be- 
comes reasonable to expect, then, that 
the greater the number of implicit 
responses that need to be made, the 
longer the anagram solution times will 
be. 
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Fic. 1. A plot showing the relationship between anagram solution time in seconds (log scale) 
and the cumulative frequency distribution (probability scale) for a sample of 100 anagrams for the 
Easy Order-VF, Hard Order-VF, and Hard Order-VI conditions. 


Further, in the mechanism governing 
the generation of S’s implicit responses, 
if the solution to an anagram is a word 
having a high frequency of occurrence 
in the language, it will probably be 
relatively high in 5's response repertoire, 
and therefore possess a greater potential 
for evocation as an early implicit re- 
sponse than a word having a low fre- 
quency of occurrence. Thus, faster 
anagram solution times should be asso- 
ciated with words having high frequency 
of occurrences (i.e., greater evocation 
potential in §’s response repertoire) 
as opposed to words having low fre- 
quency of occurrences. 

If it is granted that anagram solving 
processes involve, in part at least, the 
production of a series of implicit re- 
sponses prior to the final correct solution, 
then the question arises, “How is this 


production process distributed through 
time?” No direct answer is available 
from the present study; however, an 
indirect attempt to examine this pro- 
duction process was carried out as 
follows. Each of the eight word group, 
letter order combinations yield, if all 
anagram solution times are employed, 
a sample of 100 solution times. A 
cumulative plot was made for each 
group or sample of 100 anagram solution 
times on logarithmic probability paper, 
and the results for three of the groups 
are shown in Fig. 1. The remaining 
five groups yield essentially similar 
straight line distributions paralleling 
and interspersed with those shown. The 
lines drawn are fitted visually. 

A possible inference that can be drawn, 
then, from the results shown in Fig. 1, 
and which is in accord with the general 
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mathematical properties of such log- 
arithmic plots (2), is that, the more time 
S takes up to any given point without 
solution, the more time he will probably 
take beyond that point before a success- 
ful solution occurs. Basically, it would 
appear that some given number of 
implicit responses or hypotheses are 
produced rather quickly, and if one of 
these matches the actual word, the 
anagram is solved, with the probability 
of a correct match being primarily a 
function of the difficulty level of the 
anagram. Thus, for example, within 
30 sec. 82% of the anagrams are solved 
in the Easy Order-VF condition, while 
only 28% are solved in the Hard Order- 
VI condition. If on the other hand, 
the anagram is not solved quickly we 
know proportionally more time will be 
taken before solution, and this would 
seem to imply either, (a) a less rapid 
production of new implicit responses or 
hypotheses through time, or (4) possibly 
extensive retesting of old hypotheses 
through time. Work by Bousfield and 
Sedgewick (1) is highly relevant to this 
issue. They asked Ss to name as many 
cities in the United States as they could, 
or to make as many words as possible 
drawing from a given pool of letters 
(similar to anagram solving, but different 
in that the words could vary in length 
and many different words could be 
constructed from the letter pool given). 
The results clearly revealed that the 
production of responses was rapid at first, 
progressively slowing down through time. 
'The results of the present study, as 
analyzed in Fig. 1, would seem to imply 
that the production of implicit responses 
or hypotheses to an anagram problem 
situation can be described by the same 
law as that governing the production of 
explicit responses in verbal recall and 
word problem situations. 


SUMMARY 


A study was made of the effect of letter order 
and word frequency variables on anagram solu- 
tion times. Two levels of anagram letter order 
and four levels of word frequency were examined. 
Letter order was varied by maximizing (easy 
order) or minimizing (hard order) the “simi- 
larity” of anagram letter order to word letter 
order. Word frequency was varied by selecting 
words varying in their Thorndike-Lorge fre- 
quency counts from very frequent to very 
infrequent., 

The results clearly showed the highly signifi- 
cant effect of these two variables on anagram 
solution times. Specifically, hard letter orders 
and low word frequency counts both produced 
marked increases in anagram solution times. 
Further analysis revealed the logarithmic nature 
of the distribution of anagram solution times, 
indicating that the more time S takes up to 
any given point without solution, the more time 
he will probably take beyond that point before 
a successful solution occurs. 
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ABSOLUTE JUDGMENTS OF STATIC PERSPECTIVE 
TRANSFORMATIONS 
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In a recent study Gibson and 
Gibson (6) demonstrated that a 
continuous perspective transforma- 
tion in the optic array can lead to the 
perception of rigid motion. The con- 
tinuous compression of a pattern in one 
meridian was seen as a changing slant 
of a rigid surface. The impression of 
changing slant was obtained with 
regular (quadrilateral) vs. irregular 
(ameboid) and textured vs. non- 
textured stimuli. Essentially similar 
linear functions relating the estimated 
slant to the slant in the optic stimulus 
were obtained in all four cases. 

A control group was shown a 
single motionless example of each of 
the four patterns slanted 60° away 
from the frontal plane. In this case, 
only the regularly patterned stimuli 
appeared slanted. The authors at- 
tributed this result to the fact that 
the regular pattern had a unique 
member—the square—with immedi- 
ately identifiable members. The ir- 
regular pattern lacked such a member. 
Since judgments of the extent of the 
slant with moving stimuli were 
equally accurate for both regular and 
irregular patterns, it is apparent 
that motion in the stimulus is neces- 
sary to induce any perception of 
depth with irregular and/or un- 
familiar patterns. Motion in the 
stimulus apparently also has a sig- 
nificant effect upon O’s judgment of 
the extent of slant of regular patterns. 
Although Os saw the motionless 
pattern as slanted away from frontal 
plane, the mean estimates of the 
extent of the slant were quite inac- 
curate. For example, with the regu- 


lar patterns a 60° slant in the optic 
stimulus was judged, on the average, 
as 61° (SD about 6°) with moving 
stimuli, but only 24° (SD about 12°) 
with motionless stimuli. Thus, it 
would appear that accurate estimation 
of the extent of the apparent slant 
of a transformed perspective image 
depends, at least in part, upon motion 
in the optic stimulus. 

However, the authors were pri- 
marily interested in the elicitation 
rather than the accuracy of depth 
perception; consequently, the experi- 
mental design was such that the 
specific contribution of motion in the 
stimulus to accurate depth perception 
could not be determined. For one 
thing, Os in the control group were 
naive with regard to the object trans- 
formed and the transformation se- 
quence, ie., they were never shown 
the original pattern (square) in the 
frontal plane or other members of the 
transformation family. Furthermore, 
they had no opportunity to practice. 
The aim of the present study was to 
determine the degree to which ac- 
curate estimates of the extent of a 
perspective transformation depend 
upon motion in the stimulus per se. 
Perspective images of a regular (quad- 
rilateral) pattern were used. The 
Os were told that the display repre- 
sented a perspective image of a rigid 
surface. They were also shown repre- 
sentative members of the family of 
static perspective transformations 
that constituted the stimulus series. 
Subsequently, the accuracy with 
which such sophisticated Os could 
make absolute judgments of the 
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STATIC PERSPECTIVE TRANSFORMATIONS 


SIDE VIEW 


extent of the apparent rotation of 
a motionless perspective image was 
measured. At no time did Os see 
the optic stimulus in motion. 

The problem is of interest in another 
context. Gibson’s formulations (3, 
4, 5, 6, 7,) have provided the theo- 
retical basis for research and develop- 
ment of a new display system— 
generally designated the “contact 
analog." The contact analog is es- 
sentially a two-dimensional projec- 
tion of a model surface which under- 
goes continuous perspective trans- 
formations corresponding to all six 
degrees of freedom associated with 
movement in three-dimensional space. 
Gibson’s hypothesis that optic stimuli 
need only correlate with, not neces- 
sarily replicate, direct experience has 
led to the further hypothesis that 
more effective control of the orienta- 
tion and movement of objects or 
vehicles in space can be effected 
through the use of a display which 
provides an analog (correlate) of 
contact (direct experience) flight. 


! Research and development of the contact 
analog has been sponsored by the Office of 
Naval Research. 
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FRONT VIEW 


Fic. 1. Schematic view of shadow transformer. 


METHOD 


The generation of a perspective transforma- 
tion can be described in terms of a moving sur- 
face and a fixed O, or alternately, of a fixed 
surface and a moving 0. In Gibson’s work O 
has generally been considered fixed and the 
surface in motion. In the contact analog 
situation the surface is considered fixed and 0 
in motion, For a given transformation the 
optic stimulus is the same in either case. The 
present study was carried out in the latter 


context; Os were told that, although they would , 


actually remain level, they were to assume that 
the changes in the configuration of the display 
resulted. from their own motion. The trans- 
formation sequence used was pitch, i.e., change 
in the optic stimulus corresponding to change 
in the configuration of a patterned surface 
seen by an O undergoing apparent rotation in 
the medial plane. 

Apparatus. —The shadow transformer used 
to generate the display was similar in principle 
to that used by Gibson and Gibson (6). It is 
shown schematically in Fig. 1. The ray sheaf 
of a 25-w., .5-mm. filament point source was 
passed through a 30-in. sheet of clear plastic 
upon which an opaque grid pattern of 1/4-in. 
outline squares had been inscribed. The 
resultant shadow pattern fell on a vertical 
translucent screen seen through an 18 X 20-in. 
aperture in a large sheet of plywood, The 
screen was located 30 in. from the point source. 
The O was seated on the opposite side of the 
display screen. With the grid in a horizontal 
position, the shadow pattern seen by O formed 
a perspective image of a flat surface covered 
with squares and extending to an artificial 
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“skyline? (Fig. 1). At this point the skyline 
bisected the display aperture. An opaque 
shield fixed to the end of the grid holder blocked 
all light above the skyline. 

The grid was rotated tangent to a circle 
with a l-in. radius centered at the point source 
filament. Counterclockwise rotation of the 
grid produced perspective transformations cor- 
responding to those which would be seen by an 
O undergoing clockwise rotation. The patterns 
displayed were correlates of those which would 
be seen by an O seated 30 in. from an 18 X 20-in. 
window, rotated (along with the window) 
about the nodal point of the eye, and suspended 
200 ft. above a flat surface covered with 50-ft. 
squares, "The apparent distance between O and 
the skyline was approximately 2.3 miles. 

The E varied the angle of the grid manually; 
referring to a fixed scale indicating pitch angle 
from 0° to —40° in 2° steps. A friction brake 
held the grid firmly in position during the 
stimulus exposure. Stimuli were presented by 
removing a solenoid-operated shutter in front 
of the point source. Two Cramer timers wired 
for automatic recycling controlled the duration 
of the stimulus exposure and stimulus change 
periods, 

Observers.—Twenty-five naval officers were 
used as Os. Since all had had some experience 
flying in small aircraft, no difficulty was en- 
countered in explaining the nature of the 
perspective transformation displayed. 

Procedure —The Os were seated 30 in. from 
the display screen in a dimly illuminated room. 
Their seated height was adjusted so that with 
the 0° image the skyline was at eye level. The 
E emphasized that, although they actually 
would remain level, Os were to assume that the 
differences in the configuration of the display 
resulted from their own apparent rotation about 
the horizontal axis while viewing a fixed surface. 
The Os were then shown static end products of 
transformations corresponding to pitch changes 
from 0? to — 10° in 2° steps, from — 14? to — 40° 
in 4? steps, and returning, from —40° to 0° in 10° 
steps. Each stimulus appeared for 4 sec. fol- 
lowed by a 4-sec. interval during which the dis- 
play was changed. The same time intervals 
were used during the remainder of the session. 
During the interval between trials the display 
screen was illuminated at a brightness level 
approximately equal to that of the stimulus. 
"This was done to eliminate disturbing brightness 
contrasts after each stimulus presentation. 

'The method of absolute judgments (2) was 
used to collect and analyze data. The Os were 
instructed to judge and verbally designate their 

apparent *pitch angle" to the nearest 2? step. 
Each *pitch angle" was displayed 10 times to 
each O during the session. A different unsys- 
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tematic order of presentation was used for each | 
O. A 5-min. rest interval was given after one- — 
third and two-thirds of the trials were completed. 1 
No knowledge of results was given during the 
session. 


REsuLts 


The mean estimate of pitch angle 
and the variability of judgments 


„associated with each of the perspec- 


tive transformations are shown 
graphically in Fig. 2. Each point 
represents the mean of 250 judg- 
ments. It is evident that Os can 
readily and accurately interpret a 
series of static end products of suitable 
perspective transformations in the 
optic array as differences in apparent 
pitch. Constant errors ranged from 
an overestimation of 4.22? at —16° 
to an underestimation of 2.10? at 
—40? with an over-all mean of 1.919, 
Variable errors based on pooled data 
ranged from an SD of 2.01? at 0? to — 
an SD of 5.32? at —34? with an 
over-all mean SD of 4.11°. 

The mean constant and variable 
errors listed above are appropriate as 
indices of over-all performance with 
a hypothetical contact analog type 
display. However, further analysis 
of the scores associated with the 
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Fic 2. Mean estimate and variability of 
judgments associated with each pitch angle. ~ 
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individual pitch angles is required 
since not all of these scores were 
based upon judgments with respect 
to a single perceptual cue. In a 
sequence of transformations starting 
at 0°, the distance between the sky- 
line—present in a portion of the 
stimulus series—and the edge of the 
display aperture serves as an addi- 
tional cue to the extent of the trans- 
formation. The effect of this addi- 
tional cue upon Qs’ performance 
is apparent in Fig. 2. In the portion 
of the stimulus series in which the 
skyline was present (0° to —12°), 
pitch angles were consistently over- 
estimated at a level slightly in excess 
of one degree (mean = 1.17°). Be- 
ginning at —14°, however, a different 
function was obtained. The constant 
error increased abruptly and changed 
from an overestimation of 4.22° 
initially to an underestimation of 
2.10° at the end of the series. The 
mean constant error was 2.25°. Vari- 
ability also showed a similar but less 
well defined change in the neigh- 
borhood of —14°. The estimates 
obtained in the —14? to —40° por- 
tion of the stimulus series thus repre- 
sent more closely the accuracy with 
which Os can judge the extent of the 
apparent rotation of a perspective 
image based solely upon differences 
in the configuration of a motionless 
pattern. 

The variability between Os and 
the average of the SD’s within Os 
associated with each transformation 
are shown in Fig. 3. In both cases 
variability increased as a function of 
the distance from the ends of the 
stimulus series. 


An information analysis of Os’ re- 
sponses was performed using the pro- 
cedure described by Garner and Hake 
(2). The average information trans- 
mitted by each O was computed sepa- 
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rately. Information transmitted ranged 
from 1.92 bits to 3.32 bits per O, averag- 
ing 2.52 bits for the group 

The antilog: of the average information 
in bits transmitted in an absolute judg- 
ment represents the approximate num- 
ber of stimulus categories that Os can 
discriminate without error (1, 2). On 
this basis, the results of the present 
study indicate that, within the range 
from 0° to —40°, Os can differentiate 
approximately six pitch angles based 
on observation of the static end products 
of a perspective transformation. 

As indicated earlier, Gibson and 
Gibson (6) found that estimates of the 
slant of a static perspective image were 
relatively inaccurate compared with 
those obtained with a continuous trans- 
formation. The results of the present 
study indicate that the gross under- 
estimation of the slant of static per- 
spective transformations of a regular 
pattern found by Gibson and Gibson 
(6) is not a consequence of the lack of 
motion in the stimulus. If, as in the 
present case, Os are informed that the 
differences in the configuration of a 
display are the result of a perspective 
transformation of a rigid surface, a 
series of line patterns never seen in 
motion can nonetheless carry a trans- 
formation sequence. 
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Fic. 3. Variability within and between Os 
associated with each pitch angle. 
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EN 
SUMMARY 


Static perspective images corresponding to a 
flat grid-patterned surface viewed at various 
pitch angles were projected onto a vertical 
screen, The 21 perspective patterns which 
would result from the rotation of the O in 2° 
steps from 0° to —40° were displayed. Repre- 
sentative members of the family of static per- 
spective transformations that constituted the 
stimulus series were shown to 25 naval officers 
who were then asked to judge and verbally 
designate the extent of their apparent rotation 
in the medial plane. The method of absolute 
judgments was employed. Each O made 10 
judgments of each of the 21 stimuli. 

The O readily and accurately interpreted 
differences in the extent of a perspective trans- 
formation as differences in their own pitch angle 
with respect to a fixed surface. Constant 
errors ranged from —2.10° to 4.22? with an 
over-all mean of 1.9*. Stimuli which lacked a 
visible skyline were judged less accurately 
(mean CE 2,25°) than those with a skyline. 
Information transmitted averaged 2.52 bits for 

_ the group indicating a capability of differentiat- 
" ing without error approximately six pitch angles 
between 0° and —40°. 
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OF THEIR NUMBER, THEI 


Several recent experiments have 
been concerned with the variables 
affecting an O's perception of the 
| *numerousness of repeated stimuli. 
Auditory (3, 4, 7), tactual,? and visual 
stimuli? (2, 5, 8, 9) have been so 
studied. In these investigations vary- 
ing numbers of successive stimuli 
were presented at different rates. 
The O was instructed to count, 
judge or estimate the number of 
stimuli presented. In general, Os 
underestimate the number of stimuli 
presented and this underestimation 
increases as the rate of stimulus 
presentation increases. 
_ The present experiment is con- 
: “cerned with the counting of repeated 
‘light flashes as a function of their 
‘number, their rate of presentation, 
í and retinal location stimulated. The 


E lThis study was done under Contract 
E 166, Task Order 1, between the Office 
^ of Naval Research and Johns Hopkins Univer- 
sity. This is Report No. 166-I- 212, Project 
Designation No. NR 145-089, under that con- 
tract. Reproduction in whole or in part is 
permitted for any purpose of the United States 
Government. A summary of this study was 

- presented at the 1957 meetings of the American 
Psychological Association (1). 
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first two of these variables cover a 
wider range gof values than has 
previously be «investigated in any 
single study. The third variable— 
retinal location—has not been in- 
cluded in Ea experiments of this 
sort. 


- 
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Subjects. Et young men, 18 to 26 yr. old, 
and 6 young women, a to 24 yr. old, were Os. 
All were volunteers, o were compensated for. 


their services. P n "of them wore glasses. 
shes of light were produced 


by a Pese Ri "RI121C glow-modulator tube. 
On and off triggers generated by two variable- 
frequency oscillators produced electric square 
waves which were the inputs to the flash tube. 
The rise and decay characteristics of the tube 
are such that for all practical purposes the pulses 
of light were square waves. A Hewlett-Packard 
electronic counter provided precise readings of 
on-off times, and a scaler gate permitted E 
to select the exact number: of flashes to be pre- 
sented on any given trial. At all frequencies 
“on” time equalled “off” time. F 

The test field, “mounted in the center of a 
semicylindrical surround, subtended 4 degree 
of visual angle. Luminance of the test field 
was approximately 1 mL.; luminance of the 


surround was approximately 22 mL. All ob- 
jonocular 


servations of the stimulus were m 
(right eye). A head rest helped O keep his 
head in the same position on all trials. All 
retinal displacements are measure 
fovea (0°) in the horizontal plane. 
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d from the 
They were 
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obtained by having Os fixate red point-sources 
of light at appropriate angular displacements 
(temporally) from the test field in the center 
of the surround, the position of the head remain- 
ing fixed. ‘Thus the light always stimulated 
the temporal retina, Except for trials at the 
fovea, the one correct fixation point during any 
given trial was lighted by Æ. 

Procedure.—Six frequencies, 2.5, 5, 10, 15, 
22.5, and 30 cps, and six retinal displacements, 
0° (fovea), 2.5?, 5°, 10°, 20°, and 40°, were 
used, Every O was given 20 trials (one for 
each of 1 to 20 flashes of light) at every one of the 
36 combinations of frequency and retinal 
displacement. Thus each O made 720 judg- 
ments—20 X 6 X 6. 

The procedure was as follows: Each O par- 
ticipated in six experimental sessions, one on 
each of six different days, generally within a 
two-week period. On any one day O received 
120 trials, all at one frequency, i.e., the 1 to 
20 flashes at each of the six retinal displacements. 
The 120 combinations of retinal position and 
number of flashes were presented in a random 
order but with the restriction that each com- 
bination appeared only once in the sequence. 
'The order of the frequencies used on the six 
days was different for every O, but each fre- 
quency appeared first in the series for 6 Os, 
second in the series for 6 Os, etc. Experimental 
sessions lasted about 20 min. 

Instructions—The Os were instructed to 
estimate thé*number of flashes they had seen, 
but were given no information about the range 
of numbers to be expected. They were further 
instructed that they would usually not be able 
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Fie. 1. Mean judged number as a function 
of number of flashes presented at the fovea. 


Each point represents the mean of 36 observa- _ 


tions, one for each of 36 Os. Each curve is for 
a different rate of presentation. 
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Fic. 2. Mean judged number as a function 
of number of flashes presented at a retinal — 
displacement 40° temporally from the fovea. 


to count the flashes, but were to make the best 
estimate ‘possible as to how many there had 
been. 

After receiving a ready signal from E, o 
initiated each train of light flashes by pushing 
a button. The instructions emphasized that 1 
they were not to do this until they were fully 1 
prepared to observe. E 


RESULTS 3 


Figure 1 shows a plot of mean. 
judged number vs. number of light — 
flashes presented at the fovea. At 4 
2.5 cps, the mean judged number for 
20 flashes is 19.2. The slope of that 
curve is very nearly 1. This means 
that at 2.5 cps the average estimates 
are very accurate. As frequency is 
increased the slopes of the curves — 
decrease, indicating greater and b 
greater constant errors of estimation. - 
For example, when 20 flashes are 
presented at 30 cps, the mean judged 
number is only 6.1. m 

Figure 2 is similar to Fig. 1, but 
for a retinal displacement of 40°. A 
comparison of the two figures shows 
that the effect of the displacement — 
has been to lower the slopes of the 
curves at all frequencies. Constant 
errors of estimation increase With. 
increasing retinal displacement. k 

Plots similar to those in Fig. 


land | 
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2 were prepared for retinal displace- 
ments of 2.5°, 5°, 10°, and 20°. The 
method of least squares was used to 
fit straight lines to the resultant 36 
regression lines. The slopes of these 
straight lines provide a convenient 
measure of the effects of frequency 
and retinal displacement on these 
functions. The 36 slopes appear in 
Table 1. 

Constant errors of estimation.—The 
slopes in Table 1 are all less than 
1. This means that Os typically 
underestimate the number of flashes 
presented. Of a total of 25,920 
judgments, only 446 were oyeresti- 
mates, whereas 21,344 were under- 
estimates, The majority of the over- 
estimates (320) occurred at 2.5 cps. 
Overestimations decrease rapidly as 
frequency increases. Of the 4,320 
judgments at 30 cps only 4 were 
overestimates. At 2.5 cps over- 
estimations are relatively independent 
of the number of flashes presented. 
At higher frequencies overestimates 


‘occur only for small numbers of 


flashes. 

Table 2 gives 7 and 7? for all 
regression lines. The linear com- 
ponent of all regression lines is 
significant beyond the .001 level. 
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TABLE 1 


Stores or THE Recression Lines RELATING 
Mean JUDGED NUMBER TO 
PRESENTED NuMBER 


Retinal Frequency in cps 
Displace- 
ment 
s | 5 | 10 | 15 | 225] 30 
0° .947 | .648 | .507 | .397 | .306 | .266 
2.5* | 911 | .641 | .478 | 376 | .282 | .250 
ot .902 | .632 | .470 | .363 | .272 | .242 
10° .878 | .625 | 443 | .358 | .267 | .245 
20° .846 | .605 | .432 | .335 | .258 | .239 
40° .795 | .584 | 412 | .311 | .231 | .210 


Asterisks identify those curvilinear 
components which are statistically 
significant. It is plain that even 
when the curvilinear component is 
significant, the variance not ac- 
counted for by the linear component 
is due mainly to error and not to 
curvilinearity. The largest difference 
between 7? and n? is only .025. The 
values in Table 2 should be inter- 
preted with some caution because of 
the heterogeneity of variance in these 
data (see Fig. 6 and the accompany- 
ing discussion). 

Effects of frequency.—In Fig. 3, the 
slopes of the regression lines are 
plotted against frequency. Free- 
hand curves have been fitted through 


TABLE 2 


1? AND 7? FOR THE REGRESSION Lixzs ReraTING MEAN JUDGED 
NUMBER To PRESENTED NuMBER 


Frequency in cps 
Dk: 25 5 10 15 
ment 
n n? n 0 n D n p 
o | 978 | .978 | 899 | 900 | .769 | 771 | 705 | 713 
2.5 | ‘966 | 967* 873 | 874. | .782 | 787 | .684 | .693 
» '059 | ‘961. | .866 | .868 | .798 | .801 | .686 .696 
10s | 1934 | 937* | 1855 | 1856 | 778 | 784 | 704 | 7H 
20* 889 | 892 | 1836 | ,839 | ./56 | .763 | .668 | -672 
40° |..847 |.880 | .781 | 784 | 749 452 |.683 | .642 


*.05 > P > .01, for curvilinear component, ` 
**.01 S P S ‘001, for curvilinear component, 
"t 001, for curvilinear component. 
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only the extreme points to show the 
general shape of the function. De- 
spite the small range at each fre- 
quency, the ordering of the slopes 
for the different retinal displacements 
is highly consistent. The most im- 
portant thing to: note from this 
graph is that the effect of frequency 
on the ability of an observer to follow 
a train of light flashes is roughly 
hyperbolic (log-log transforms of these 
curves yield very good straight lines). 

Effects of retinal location.—Figure 
4 shows slopes plotted against retinal 
displacement. The curves in Fig. 4 
were drawn by visual inspection and 
are subject to a certain amount of 
arbitrariness. We regret especially 
not having collected data at a retinal 
displacement of 30°, but we had not 
anticipated finding trends like those 
shown in the figure. Despite this 
limitation we feel that two important 
relationships are apparent in these 
data: (a) The curves are two-limbed 
with a fairly clear-cut separation 
between the central and peripheral 
areas of the eye, and (b) as frequency 
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Fıc. 3. The slopes in Table 1 are plotted 
here as a function of frequency. The different 
symbols identify the 6 retinal displacements. 
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Fic. 4. The slopes in Table 1 are plotted 
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here as a function of retinal displacement. The 
different curves are for different rates of presen- 
tation. 


increases the breaks in these functions 
occur farther out in the periphery 
of the eye. 

Estimations as a function of total 
elapsed time.—Cheatham and White 
(2) and White? have used the concept 
of "subjective rate" or "perceptual 
rate" in explaining their findings. 
They believe that this subjective rate 
has an upper limit of 6-8 pulses per 
second. "They further assert that the 
subjective rate is determined pri- 
marily by some temporal patterning 
process in the central nervous system 
and not by the objective stimulus 
rate. To support this point of view 
they have plotted their data in terms 
of the total elapsed time occupied by 
a train of pulses. In Fig. 5 the data 
from Fig. 1 are similarly replotted 


Y See Footnote 2. 
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as a function of total elapsed time. 
Certain points at the lower frequencies 
have been omitted. Line a represents 
the slope which would result if the 
subjective rate were 6 flashes/sec. 
We are concerned merely with the 
slope of this line, not with its point of 
origin. 

Our data are in substantial agree- 
ment with those of Cheatham and 
White. When the objective flash 
rate is 22.5 or 30 flashes/sec. and the 
trains of pulses occupy less than 
300 msec., the over-all slopes of the 
curves correspond to subjective rates 
of about 13 flashes/sec. For ob- 
jective rates of 15, 22.5, and 30 
flashes/sec. and "for trains of pulses 
which are more than 300 msec. in 
duration, the subjective rate is almost 
exactly 6 flashes/sec. For an ob- 
jective rate of 10 flashes/sec. the 
subjective rate is slightly less than 
6 flashes/sec. The other two curves 
are not comparable since the objective 
rates are both less than 6 flashes/sec. 

Plots similar to those of Fig. 5 
have been constructed for the other 
retinal locations. In general, two 
trends are apparent: (a) The very 
steep slope during the first 300 msec. 
is gradually reduced until at a retinal 
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Fic. 5. Mean judged number as a function 
of total elapsed time from the start of a train 
of light flashes. Each point represents the mean 
of 36 estimates. 
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Fic. 6. Each point is a standard deviation 
of the 36 responses made for each combination 
of number of pulses and stimulus rate. These 
data are for foveal vision only. 


displacement of 40° the slopes of the 
curves are nearly constant from 
beginning to end. (b) Although dis- 
placed downward in amplitude, the 
curves have over-all slopes almost 
identical to those in Fig. 5 for dura- 
tions above 300 msec. 

Variability of the estimates.—The 
variability of the responses increases 
fairly regularly with an increase in 
the number of flashes presented. 
Figure 6 is for foveal vision only, but 
this general statement holds for all 
retinal displacements. 

In Fig. 6 the frequencies exhibiting 
the greatest variability are 10 and 
15 cps, those exhibiting the least 
variability are 2.5 and 30 cps, while 
5 and 22.5 cps fall roughly in the 
middle. There is, however, an inter- 
action between frequency and retinal 
displacement that has an effect on the 
variability. In order to quantify 
this effect without becoming involved 
in complicated plots, the SD’s in the 
data were rank-ordered in two ways. 
In the first instance we worked from 
Fig. 6 and from similar plots for the 
other five retinal displacements. The 
first step was to rank-order the 
frequencies at each number of flashes 
presented, assigning 1 to the largest 
and 6 to the smallest SD at each num- 
ber. The ranks for each frequency 
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TABLE 3 


Mean RANK ORDER oF VARIABILITIES 
AVERAGED OVER ALL NUMBERS 
or FLASHES PRESENTED: 
ANALYZED BY RETINAL 
DISPLACEMENTS 


Retinal Frequency in cps 


Displace- |——,—————4——4——4——, W 
ment (255! s | 10 | 15 |22,5| 30 
0° 5.7 | 3.5 | 1.9 | 2.0 | 3.4 | 4.5 | .66*** 
2.5° 15.1] 2.4] 2.3 | L9 | 44 | 5.0 | .64*** 
c 4.6 | 2.2 |2.3 | 2.1 | 4.4 | 5.4 | .62*** 
10° 3.2 | 2.3 | 2.5 | 3.1 | 4.4 | 5.6 | .46*** 
20° 2.0 | 2.4 | 3.5 | 2.8 | 5.0 | 5.3 | .56*** 
40° 1.7 | 2.3 | 3.3 | 3.1 | 5.2 | 5.4 | .65*** 


wet P < 001, for Kendall's W. 


were then averaged across all numbers 
of flashes. These are the entries in 
Table 3. The entry W is Kendall's 
coefficient of concordance. Line 1 
of Table 3, therefore, summarizes 
the data presented in Fig. 6. 

Since the W’s in Table 3 are all 
moderately high and statistically sig- 
nificant, this indicates that the vari- 
abilities for the different frequencies 
tend to be consistent at any retinal 
location. Table 3 also shows the 
interaction between frequency and 
retinal location. This is reflected 
in the changes of the mean ranks 
within columns. At the fovea 10 and 
15 cps have the greatest, and similar 
variabilities, while 2.5 and 30 cps 
have the least. As retinal displace- 
ment increases, the pattern shifts 
until at 40° there is a fairly regular 
decrease in variability from 2.5 
through 30 cps. 

The second method of analyzing 
the variability data also started with 
six sets of curves in which SD’s were 
plotted against number of flashes 
presented. "This time, however, there 
was one set for each frequency. 
Each set in turn consisted of six 
curves, one for each retinal displace- 
ment. Within each set of curves we 
then rank-ordered retinal displace- 
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TABLE 4 


Mean RANK ORDER oF VARIABILITIES 
AVERAGED OVER Att NUMBERS 
or FLASHES PRESENTED: 
ANALYZED BY FREQUENCIES 


Retinal Displacement 
Frequency w 


in cps 
0° |2,5°| s? | 10° | 20° | 40° 
25 | 5.8 | 4.7 | 4.2 | 3.3 | 1.8 | 1.2 | .89*** 
5 5.5 | 3.8 | 4.1 | 3.3 | 2.6 | 1.6 | .50*** 
10 2.6 | 3.6 | 4.2 | 3.9 | 3.4 | 3.2 | .09 
15 3.0 | 3.1 | 3.6 | 4.4 | 3.6 | 3.3 | .07 
22.5 12.1} 3.6 | 5.0 | 3.4 | 3.5 | 3.3 | .25** 
30 2.8 | 4.0 | 4.7 | 3.7 | 2.8 | 3.0 | .17** 


** 01 > P > .001, for Kendall's W. 
rk P < .001, for Kendall's W. 


ments, assigning 1 to the largest 
and 6 to the smallest SD for each 
presented number. The ranks for 
each retinal displacement were then 
averaged across all numbers of flashes. 
These are the entries in Table 4. 
Whereas Table 3 shows the mean 
rank for each frequency at any given 
retinal location, Table 4 shows the 
mean rank for each retinal location 
at any given frequency. 

There is not as much consistency 
in Table 4 as in Table 3. This says 
in effect that the variability in the 
estimates is affected more by fre- 
quency than by retinal location. 


Discussion 


Cheatham and White (2) have re- 
ported an experiment similar to ours 
but for foveal vision only and for smaller 
ranges of the other variables. When 
they plotted their data in a form similar 
to our Fig. 1, they found distinct steps 
in the curves, regions where the mean 
judged number remained essentially 
constant through a range of several 
presented flashes. They hypothesized 
that the steps represent some type of 
perceptual unit, an advance from one 
step to the next being governed by à 
probability-type function where the addi- 
tion of one more light flash increases 
the probability that one more subjective 
flash will be perceived. 
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In this type of situation where the 
range of responses is much smaller than 
the range of stimuli, if an individual O 
is consistent in correlating responses 
with stimuli, it is inevitable that the 
curve showing responses as a function 
of stimuli will contain steps. We found 
this for each of our Os as did the workers 
at Mount Holyoke (5) when they plotted 
data for individual Os. The precise 
points at which steps occur differ for the 
various Os. Thus, in averaging one 
observation for each of 36 Os at each 
point we obtain curves which are regular. 
The curves plotted by Cheatham and 
White, however, are for 10 observations 
made by each of 5 Os, and so confound 
the variance within Os with the variance 
between Os. In this process the dif- 
ferences between Os contribute much 
less weight to the mean curves. We 
believe that this may explain why they 
found step functions and we did not. 
An additional consideration is that 
Cheatham and White used highly trained 
Os whereas ours were relatively naive. 
One might expect that highly trained 
Os would exhibit a considerable amount 
of internal stability. 

The double-limbed curves which re- 
sult when our data are plotted as a 
function of retinal displacement were 
Completely unexpected since such func- 
tions are normally obtained only when 
luminosity is one of the variables. The 
most nearly relevant study we could 
find is an experiment by Ross (6) who 
measured CFF at retinal displacements 
from 0° to 45°. He found no evidence 
of a duplex function, although, of course, 
his experiment is not completely analo- 
gous to the one reported here. We are 
convinced that our duplex functions are 
genuine, but at the present time we 
have no good explanation for them. 


SUMMARY 


From 1 to 20 flashes of light were presented 
to Os at six frequencies (2.5 to 30 cps) and six 
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retinal displacements (0° to 40°). For the 
pooled data of 36 Os, mean judged number is 
generally a linear function of the number of 
flashes presented. The slopes of these straight 
lines are hyperbolic functions of frequency for 
all retinal displacements, The slopes of these 
straight lines plotted against retinal displace- 
ment yield discontinuous, two-limbed curves 
in which the position of the break is a function 
of frequency. At all frequencies the vari- 
ability of the responses increases as number of 
flashes increases. The variability in the esti- 
mates is affected more by stimulus frequency 
than by retinal location. 
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A PROCEDURE FOR INCREASING WORD ASSOCIATION 
ORIGINALITY AND ITS TRANSFER EFFECTS! 


IRVING MALTZMAN, WILLIAM BOGARTZ, ann LOUIS BREGER 
University of California, Los Angeles 


Studies by Maltzman and his 
associates (5) have been concerned 
with examining the relationship be- 
tween uncommon verbal responses 
and problem solving and with 
attempts to facilitate problem solving 
by evoking , uncommon responses. 
The present study, in contrast, is 
concerned directly with the facilita- 
tion of uncommon verbal responses. 

One of the group of originality tests 
developed by Guilford and his co- 
workers (2, 7), the Quick Responses 
Test, isa free association test in 
which the frequency of occurrence 
of a response to a given stimulus 
word is taken as its measure of un- 
commonness. In terms of S-R theory 
the response that occurs to a given 
stimulus in the free association situa- 
tion is the one which is dominant 
in the response hierarchy elicitable 
by that stimulus. It has the greatest 
amount of excitatory strength at the 
moment of stimulus presentation. 
Responses that are uncommon or 
original must be lower in the response 
hierarchy, possess a weaker excitatory 
potential. If, therefore, a situation 
could be arranged in which S is 
induced to give responses low in his 
hierarchy, there would be an increase 
in the originality of his responses. 
Training of this nature might then 


1 This research was supported in part by the 
United States Air Force under Contract No. 
AF 41(657)-52, monitored by the Operator 
Laboratory Field Extension No. 1, Air Force 
Personnel and Training Research Center, Lack- 
land Air Force Base, Texas. Permission is 
granted for reproduction, translation, publica- 
tion, use, and disposal in whole and in part by 
or for the United States Government. 


produce a disposition to give un- 
common responses in other situations. 
The procedure employed in this study 
in an attempt to produce the desired 
effect is the simple one of repeatedly 
presenting the same stimulus words 
with instructions to give a different 
response each time. This is only one 
of several different procedures that 
may be used to induce Ss to increase 
the uncommonness of their responses, 
but it is well suited for use in the 
free association situation. 

Two further experimental variables 
were introduced in an attempt to 
facilitate the effect of the primary 
experimental variable of repeated 
presentation of the stimulus words 
and evocation of different responses. 
These were verbal reinforcement of 
uncommon responses on a partial 
reinforcement schedule, and instruc- 
tions to be'original. 

Following the free association test, 
Ss were given Guilford’s Unusual 
Uses test of originality? (2, 7) in order 
to estimate the generality of the effects 
of training and instructions to give 
uncommon responses. An alternate 
form of the test was devised and 
employed with approximately one- 
third of the Ss, but was discarded 
because the response distributions 
obtained appeared quite different 
from those obtained from the Guilford 
form. 


METHOD 


Subjects —The Ss were 120 students, 60 men 
and 60 women, drawn from introductory 
psychology classes. 


* We are indebted to Paul R. Christensen for 
kindly providing us with a copy of this test. 
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WORD ASSOCIATION ORIGINALITY 


Stimulus materials —The stimulus words 
employed in the free association situation were 
selected from the norms obtained by Wilson (6). 
He presented words culled from previous word 
association lists to 300 Ss. Presentation of the 
words was conducted on an individual basis, 
and each S responded only once to each of the 
stimulus words. Oral presentation of the words 
was employed, as was the case in this study. 
Fifty words with the smallest number of dif- 
ferent responses associated to them were selected 
for the training and test lists. The words are 
presented in Table 1, 

"The Unusual Uses test asks S to consider in 
order six different common objects—an auto- 
mobile tire, a key, a safety pin, a watch, a button, 
and eyeglasses. A common use for each object 
is described in the test, and S is asked to give 
additional different uses for each of them. Ten 
minutes is allowed for completion of the test. 

Procedure.—The Ss were treated in identical 
fashion on the initial presentation of the free 
association training list, and received the usual 
instructions to respond as quickly as possible 
with the first word that came to mind. After 
their first completion of the training list the two 
experimental groups were instructed to again 
respond as quickly as possible to each word, but 
to give a different response from the one used 
before. The training list was repeated five 
times in this fashion. The two experimental 
groups receiving repeated presentations of the 
training list differed only with respect to the 
administration of verbal reinforcement for 
responses that were judged to be uncommon. 
These judgments were based on the analysis of 
data obtained from an initial exploratory experi- 
ment, For the reinforcement group approxi- 
mately every fifth uncommon response to the 
training words was called “good” by E. 

The experimental groups received the test 
list of new words after the last repetition of the 
training list while the control group received 
the test list after their first completion of the 
training list. Prior to the presentation of the 
test list half the Ss in each of the three groups 
received instructions to be as original as possible 
on the new list of words while the remaining Ss 
received the usual free association instructions. 

Following completion of the free association 
test list Ss were given the Unusual Uses test. 
Approximately half the Ss within each of the 
six free association subgroups were given in- 
structions to be as original as possible and half 
were not. 


RESULTS 


„The frequency with which the 
different responses occurred to each 
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TABLE 1 


SrmuLus Worps EmPLOYED IN FREE 
AssociATION TRAINING AND 
Test Lists 


Training List Test List 


13. stove 
14, high 
15. voyage 
16. girl 


fom OUR ot ar 


4 24. frog 
25, mutton 25, whiskey 


stimulus word was determined for 
the training and the test lists. The 
Ss’ responses were then scored on the 
basis of the obtained frequencies, 
and each S was assigned an originality 
score which was the mean frequency 
of his 25 responses. A low score 
therefore represents high originality. 

It was assumed that the training ad- 
ministered the experimental groups, 
ie, repeated presentation of the 
initial list with instructions to give 
different responses, would increase 
the uncommonness of the responses 
to the training words. Analysis of 
the response frequencies on successive 
presentations of the training list 
indicated that this condition was 
obtained. On the average, over 75% 
of the responses on the fifth repetition 
were unique, i.e., were given by only 
one S. This represents more than 
a threefold increase over the initial 
presentation of the training list. 
Almost identical results were ob- 
tained for the two experimental 
groups, indicating that the verbal 
reinforcement employed did not 
markedly influence the uncommonness 
of the responses during training. 

A factorial analysis of variance of 
performance on the initial presenta- 
tion of the training list showed that 
the various groups did not differ 
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TABLE 2 
UNADJUSTED AND ÄDJUSTED MEAN FREE Association TEST ORIGINALITY SCORES 
Training Eon Control 
Condition 
N Mean N Mean N Mean 
Unadjusted 
No instructions 20 20,94 20 20.49 20 23.98 
Instructions 20 4.93 20 441 20 7.61 
Adjusted 
No instructions 20 21.37 20 20.34 20 23.80 


significantly prior to introduction of 
the experimental treatments. Since 
performance on the initial presenta- 
tion of the training list and the test 
list was significantly correlated for Ss 
in the three nonoriginality instruc- 
tion subgroups (r = .54), an analysis 
of covariance was conducted on these 
groups. Analysis of variance was 
employed in a separate evaluation 
of the three originality instruction 
subgroups because their test per- 
formance was not significantly cor- 
related with performance on the in- 
itial presentation of the training list, 
and their variances were appreciably 
smaller than the nonoriginality in- 
struction groups. 

Table 2 shows the adjusted and 
unadjusted mean originality scores 
obtained by the various groups on 
the test list. 


(3, Type I) of the scores obtained 
by the experimental and control 
groups that did not receive originality 
instructions are shown in Table 3. 
It is evident that the main effect of | 
training is significant. Also signifi- 
cant are the item effects and the 
treatment by item interaction, indi- 
cating that the stimulus words dif- 
fered in their tendency to evoke 
uncommon responses, and that this 
tendency differed under the control 
and experimental conditions. Results 
of t tests show that the verbally 
reinforced experimental training group 
gave significantly more original re- 
sponses than the control group 
(P = <.02). The difference between 
the experimental training group that 
did not receive verbal reinforcement 
and the control group is in the same 
direction, but does not quite reach an 


Results of an analysis of covariance acceptable level of confidence 
TABLE 3 
ANALYSIS or COVARIANCE or No-Oricrnatity Instruction GROUPS 
ON THE Free Association Test List 
Source MS F P 
"Treatments (T) + Error (b) 
Error (b) 56 499.51 
Treatments 2 1604.95 3.21 05 
Items (I) + Error e 
Error (w) 1367 187.82 
Items 24 5482.95 29.19 .0001 
TT + Error (w) 
Error (w) 1367 187.82 
TXI 48 342.95 1.83 01 
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(05 « P «.10). The two experi- 
mental groups do not differ sig- 
nificantly. 

Results of an analysis of variance 
(3, Type I) of the test list scores 
obtained by the experimental and 
control groups receiving originality 
instructions are shown in Table 4. 
Significant training and item effects 
and a treatment by item interaction 
were again obtained. The results of 
t tests show that the nonreinforced 
experimental group gave significantly 
more original responses than the 
control group (P = <.01). The re- 
inforced experimental group again is 
significantly superior to the control 
group (P = <.01) while the two 
experimental groups do not differ 
significantly. 

It is evident from an inspection 
of the means that originality instruc- 
tions produced a marked increase 
in the uncommonness of response 
and greatly, reduced the variance. 
At test employing half the appropri- 
ate degrees of freedom was used 
to evaluate the difference between the 
two instruction conditions (3). The 
difference between the obtained means 
is highly significant (P = <.0001). 

Originality scores for performance 
on the Unusual Uses test were ob- 


TABLE 4 


ANALYSIS oF VARIANCE OF ORIGINALITY 
Instruction GROUPS ON THE FREE 
Assocration Test List 


Source | df | MS F 

Between Ss | 59 

Treatments | 3 | 1474.40 | 5.89** 
Error (b) 57| 250.52 
Within Ss 1438 

tems 24| 572.71 | 7.16** 
TXI 48| 122.18 | 1.53* 
Error (w) 1366| 80.00 

Total 1497 

*P —,05. 
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TABLE 5 
ANALYSIS oF VARIANCE oF UNUSUAL 
Uses Fivency 

Source df MS F 
"Treatments (T) 2| 3834 
Instructions 1 9 1 59.03 
Instructions 2 (I5) 1 19.63 
TXh 2 | 11185 | 4.20* 
TX SA 24,325). .91 
hXh 1 | 60.57 | 2.27 
TXLhXl 2 | 72.99 | 2.74 
Within cells 81 | 26.66 
Total 97 

*P «.05. 


tained by a procedure similar to the 
one employed for the free association 
test. The frequency with which dif- 
ferent relevant uses occurred for each 
of the six objects mentioned in the 
test was first determined. The Ss’ 
uses were then rescored on the basis 
of the obtained frequencies. Each 
S's originality score was taken as the 
sum of the weighted uses divided by 
his total number of uses offered. 
The total number of uses was also 
taken as a measure of fluency. 

The fluency and originality meas- 
ures derived from the Unusual Uses 
test in this manner did not correlate 
significantly with the originality scores 
obtained from the initial presentation 
of the free association training list. 
These data were therefore evaluated 
by 3X2 X 2 factorial analyses of 
variance rather than covariance. A 
summary of the analysis of variance 
of the fluency scores is shown in 
Table 5. The only significant effect 
obtained is the interaction of free 
association training with originality 
instructions given prior to the free 
association test. Inspection of the 
mean fluency scores in Table 6 sug- 
gests that originality instructions 
given prior to the association test in 
conjunction with the experimental 
training are related to a decrease in 
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TABLE 6 


Mean Unusuat Uses FLUENCY 


Reinforced) Control 


Training | Training 
Instructions 
N | Mean | N | Mean | N | Mean 
None 6 |21.67 | 7 | 17.43 | 8 | 13.88 
Free association | 7 | 11.29 | 8 |12.75 | 7 | 18.00 
Unusual uses 8 | 15.13 | 8 | 12.75 | 9 | 16.11 
Free association | 8 | 13.63 | 9 | 13.44 | 8 | 16.88 
and unusual 
uses 
the fluency of unusual uses. There 


is also apparent a tendency for fluency 
to increase as a function of originality 
training when originality instructions 
are absent. These results, however, 
must be viewed with caution since 
the cell frequencies in the analyses 
of variance are disproportionate. 


Analysis of variance of the originality scores 
derived from the Unusual Uses test in the man- 
ner described above showed that none of the 
treatments or their interactions is significant. 
It was reasoned, however, that the scoring 
method used may not give adequate weight to 
the uncommon responses. An alternative scor- 
ing method was therefore investigated. How- 
ever, selection of a new scoring procedure in this 
manner capitalizes on chance variations in the 
scores, and the results obtained from the re- 
analysis must also be viewed with caution. 
The new originality scores were obtained by 
determining the number of uses given by each S 
which had a frequency of 10% or less. The 
mean number of uncommon responses scored in 
this fashion are shown for each group in Table 7. 


TABLE 7 


Mean Nuusrn or ORIGINAL Uses 


Reinforced 


Training | fiainisg | Control 
Instructions 
N | Mean| N | Mean] N | Mean 
None 6 | 10.50) 7 | 8.29 | 8 | 4.13 
Free association | 7 | 5.00) 8 | 6.25 | 7 | 9.14 
Unusual uses 8 | 7.13) 8|5.50| 9 | 8.89 
Free association | 8 | 6.38| 9 |6.56| 8 | 7.75 


and unusual 
uses 
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TABLE 8 


ANALYSIS OF VARIANCE OF 
Oricinat Uses 


Source af MS F 
"Treatments (T) 2 6.18 35 
Instructions; 1 4,27. VA 
Instructionss 1 .01 .00 
TXh 2 | 39.68 | 2.25 
TXL 2x15321,597 | 1:24, 
LX: 1 3229 201 
TXLhXL 2 | 6772 | 3.85* 
Within cells 81 | 17.60 
Total 92 

*P «05. 


A summary of the analysis of variance of these 
originality scores is shown in Table8. Only the 
triple-order interaction was found to be signifi- 
cant. Simple analyses of variance were con- 
ducted to determine the locus of the interaction. 
The results of these tests show that, in the 
absence of originality instructions, training in. 
the free association situation produced a signifi- 
cant increase in originality on the Unusual Uses 
test (P = .05). As indicated in Table 7, the 
mean originality scores in the first column are 
significantly different. The means in each of 
the remaining columns do not differ significantly 
within the column. The means in the first 
and in the last row differ significantly within the 
respective rows (P = .05). Originality instruc- 
tions in conjunction with originality training 
without verbal reinforcement appear to have 
produced a significant decrease in originality 
on the Unusual Uses test. A similar trend may 
be seen in the originality training condition with 
verbal reinforcement, but the decrement is not 
significant. Originality instructions produced 
the opposite effect in the control condition. In 
the absence of originality training in the free 
association situation, instructions to be original 
appear to have facilitated the production of 
original uses. 

These interpretations are highly tentative 
since they are based upon a reanalysis of data, 
as previously indicated. That these differences 
could be due to chance variations is even more 
likely in view of their appearance only as a 
triple-order interaction. This is especially the 
case where the cell frequencies are disproportional 
as they are here. 


Discussion 


The results obtained clearly suggest 
that the originality of word associations 
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to new words can be facilitated to a 
significant degree. Repeated evocation 
of different responses to the same train- 
ing words as well as instructions to be 
original produced a significant increase 
in the uncommonness of the responses 
evoked on the word association test list. 
The latter list was composed of words 
not encountered on the training list. 
Further experimentation is necessary 
in order to determine whether other 
training methods besides evocation of 
different responses to the same stimulus 
words may facilitate the production of 
original responses to new words. Ver- 
bal reinforcement of uncommon associa- 
tions did not produce a significant in- 
crease in originality beyond that of the 
training effect. However, it is possible 
that a greater number of reinforcements 
and/or a different reinforcement schedule 
would produce a more pronounced effect 
than the one obtained. 

Instructions greatly facilitated the 
uncommonness of free associations on 
the test list for all groups, but the train- 
ing effect appeared to be greater under 
the influence of instructions to be 
original than in the absence of such 
instructions. Results of this kind are 
analogous to the effects of instructions 
in mental set studies, and could be 
interpreted in a similar fashion (4). 

Effects of instructions and originality 
training with word associations on sub- 
sequent performance on the Unusual 
Uses test were ambiguous. Training in 
conjunction with instructions on the 
free association test appeared to inhibit 
the fluency of uses. A similar effect 
appeared in the second scoring of the 
originality of uses. Since these effects 
appeared only as interactions, and the 
cell frequencies were disproportional, 
further research in which instructions 
are manipulated with a variety of test 
materials is necessary before any general 
conclusions can be reached about the 
inhibiting or facilitating effects of 
originality instruction (1). 

Evidence of the facilitating effect 
of training with word associations on the 
originality of uses also is highly ambigu- 
ous, and must be confirmed by further 
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experimentation. If such confirmation 
is forthcoming, it would imply that the 
kinds of mediating and associative 
linkages among verbal responses are 
considerably more complex than those 
generally considered in current inter- 
pretations of the higher mental processes. 
The finding in the first phase of this 
experiment that training on one list 
of words may facilitate the uncommon- 
ness of responses to another list itself 
indicates that nonspecific transfer may 
be more readily produced than has been 
commonly assumed. 


SUMMARY 


'Two experimental groups and a control grou p 
were initially presented with a word list and 
free associations were evoked. The control 
group then received a new list of stimulus words 
which served as the test list. The two experi- 
mental groups received five additional presenta- 
tions of the first list with instructions to give a 
different response on each presentation., One 
experimental group received intermittent verbal 
reinforcements for uncommon responses: While 
the other did not. Both groups then received 
the test list. Half the Ss within each of the 
three groups received originality instructions 
prior to the test list. 

The two experimental groups did not differ 
significantly in the originality of their associa- 
tions on the test list. They were significantly 
more original than the control group under 
instructions to be original. The verbal rein- 
forcement group was significantly superior to 
the control group under no originality instruc- 
tions, and the difference between the control 
and nonreinforcement groups approached sig- 
nificance. Instructions produced a highly sig- 
nificant increase in originality. 

The Unusual Uses test was administered 
following the free association test. Approxi- 
mately half the Ss receiving this test were given 
originality instructions prior to its administra- 
tion. Free association training and originality 
instructions appeared to produce significant 
interactions in the number of unusual uses and 
originality when the latter was rescored. "These 
effects, however, require further confirmation 
before they can be interpreted unambiguously. 
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Guilford and his co-workers (4, 
13) have suggested that the fre- 
quency of uncommon but relevant 
responses may be employed as one 
of: several objective measures of 
originality. It has also been sug- 
gested that originality measured in 
this fashion may be related to the 
ability to solve “insight” problems 
(4). The principal purpose of the 
first experiment reported here was 
to determine whether such a relation- 
ship could be obtained. 

According to S-R interpretations 
of problem solving (2, 7; 9) an S 
enters a problem situation with a 
hierarchy, or hierarchies, of responses 
which differ in their tendency to 
occur in that situation. A problem, 
by definition, cannot be solved by 
the dominant responses, the responses 
with the greatest probability of oc- 
currence. Original problem-solving 
behavior therefore occurs through 
the arousal of responses relatively 
low in S’s response hierarchy. 

If this analysis is essentially cor- 
rect, then the problem of increasing 
originality is one of increasing the 
disposition to produce uncommon but 
relevant responses. A number of 
training procedures may be employed 
to evoke uncommon responses an 
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possibly facilitate originality as a 
consequence. One procedure is to 
systematically vary the situation in 
order to induce S to emit progressively 
more uncommon responses. This 
technique has been used by Maltz- 
man, Bogartz, and Breger (8) with 
a word association task. 

A second procedure is to elicit 
directly the uncommon responses by 
stimulus materials presented to S. 
The effects of this latter technique 
were the primary concern of the last 
three experiments reported here. The 
specific hypothesis investigated by 
these experiments is that, if relatively 
uncommon responses are elicited, 
even though they do not enter into 
the solution of a subsequent problem, 
their elicitation would facilitate the 
occurrence of a problem solution. 
Maier’s (6) two-string problem was 
chosen as the problem task in all the 
experiments, because it is a problem 
commonly assumed to involve original 
thinking (3, 6), and it lends itself 
readily to the training technique 
employed for eliciting uncommon 
responses. 


ExPERIMENT I 
Method 


A procedure similar to Guilford's Unusual 
Uses test (4, 13) was employed in an attempt 
to study the relationship between originality 
and problem solving. Different uses for 
designated objects are suggested by S in this 
test. The frequency with which the different 
uses occur can then be determined, and each 
use offered by S can be weighted accordingly. 
"Thurstone's S-L test of verbal fluency (5, 12) 
was administered and scored in terms of uncom- 
monness of response in an attempt to obtain a 
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relatively unambiguous and efficient measure 
of originality. 

The susceptibility of the uses test to in- 
structions to be original was also investigated 
along with the effects of variations in a reference 
object of the associated uses. These experi- 
mental variations were studied by employing a 
2 X 2 factorial design in which half of the experi- 
mental groups were given originality instructions 
while half were not. Half of the Ss within each 
of these two groups were shown a large screw- 
driver while half were shown a small screwdriver 
as a referent for their associations. 

Subjects —The Ss were 181 students, 114 
women, and 67 men, drawn from introductory 
psychology classes. There were 35 Ss in Group 
Land I-0, 39 in Group II, 38 in Group II-0, and 

17 in Group III and in Group IV. It was 
initially planned to run 40 Ss in each of the four 
main experimental groups, and 20 in each of 
the two control groups. However, the experi- 
ment was terminated after only 181 Ss were 
obtained because continuation of the experi- 
ment would have coincided with discussion 
of problem solving in Ss? classes which might 
have differentially affected performance in the 
experiment, 

Procedure.—The six main groups differed in 
their treatment prior to performing on the two- 
string problem, All Ss initially received the 
S-L test of verbal fluency. Instructions for the 
test were to write in 3 min. as many different 
words as possible that began with the letter “S” 
and ended with the letter “L.” Experimental 
Ss were then given the uses test. A screw- 
driver, a block of balsa wood, and a length of 
string suspended from the ceiling were presented 
individually to each S. The Ss were instructed 
to list on a sheet of paper as many different 
uses as they could think of for each object in 5 
min. The order of presentation of the objects 
to the different Ss was varied according to a 
prearranged random pattern, 

For Group I, a large screwdriver 11.5 in. 
long was presented as their reference for the 
associated uses and as the implement available. 
in the two-string problem. A small screwdriver 
7 in. long was employed in its place for Group II. 
Groups I-0 and II- received the large and small 
screwdriver, respectively, with additional in- 
structions to be as original as possible in the 
uses suggested for the three stimulus objects. 
Groups III and IV received the two-string 
problem immediately after the S-L test, thus 
serving as controls for any possible effects that 
performance on the uses test might have on 
solution of the two-string problem. Group III 

received the large screwdriver and Group IV 
the small screwdriver. All groups received the 
uses test after completion of the two-string 
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problem. The experimental groups received 
their respective preproblem instructions while 
the two control groups received the same 
instructions as Groups I and II. 

"The two-string problem was presented in the 
following fashion. Two strings of equal length 
were suspended from the ceiling reaching to 
45.5 in. from the floor in diagonal corners of the 
room. A distance of approximately 14 ft. 
separated the strings. "The appropriate screw- 
driver and the block of balsa wood, approxi- 
mately 1.75 X 1.5 X 1 in., were placed on a 
table along one wall of the room. The Ss were 
instructed that only the objects on the table 
could be employed in the problem. 

Solution of the problem required tying the 
screwdriver to the end of one of the strings, 
swinging it, extending the other string to its 
maximum length, and attempting to catch the 
first string on its upswing. The Ss were allowed 
to work on the problem for 10 min, and the 
measure of problem-solving behavior was the 
amount of time required to solve the problem, 
Solution times were recorded to the nearest 
second by means of a stop watch. The Ss who 
failed to solve the problem within the allotted 
time were given a score of 600. 


Results 


In studying the uses proposed for 
the string and for the balsa wood, it 
was noted that Ss were apparently 
inconsistent in their interpretation 
of the instructions. Some Ss re- 
stricted their uses to the specific 
object presented to them. Others 
did not, and proposed uses that would 
require large amounts of balsa wood 
or rope, making it impossible to 
evaluate the originality of the uses 
offered by different Ss for these two 
objects. Since this ambiguity did not 
appear in the uses offered for the 
screwdrivers, only the results obtained 
with these stimuli were analyzed 
for originality. 

The basis for scoring originality was 
the classification of each use as either 
a member of the class of most com- 
mon functions of the object or a non- 
member of that class. For the screw- 
driver, this procedure classified each 
association as either a tool use or a 
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nontool use. Analysis of the fre- 
quency of occurrence of the tool and 
nontool classes of uses showed a 
marked difference,  substantiating 
their designation as common and 
uncommon associations. The mean 
number of tool uses was 8.5 
(SD — 2.8) while the mean number 
of nontool uses was 1.5 (SD — 1.7). 

According to S-R interpretations 
of problem solving, the uses pro- 
duced by each S represent a hierarchy 
of responses differing in excitatory 
potential. Uncommon nontool uses 
which have a relatively weak excita- 
tory potential should therefore occur 
relatively late in the list of uses 
offered by S. This notion is sup- 
ported by an analysis of the fre- 
quency of occurrence of the nontool 
uses in the first and second halves 
of each S’s list of uses. The mean 
number of uses given in the first half 
was 1.4 (SD = .73) while the mean 
number of uses for the second half 
was 1.9 (SD = 1.10). A simple sign 
test of these data yielded a z of 6.2, 
P = 001. Christensen, Guilford, 
and Wilson (1) have recently re- 
ported comparable results, finding 
that the frequency of uncommon 
responses increases with response 
order in the Unusual Uses test. 

An originality score derived from 
the screwdriver associations was ob- 
tained for each S by scoring 1 if it 
was a tool use and 2 if it was a nontool 
use. These scores were then summed 
and divided by the total number of 
screwdriver uses. For the S-L test, 
the frequency with which each word 
occurred was first determined. It 
was then weighted by its absolute 
frequency and S's originality score 
was the sum of these frequencies 
divided by his total number of words. 

Since the distribution of solution 
times for the two-string problem 
appeared highly skewed, the recip- 


rocals of these scores were obtained. 
The distribution of solution speeds, 
however, also appeared skewed. 
Rank-order statistics were therefore 
used in all of the analyses reported. 

Rank-order analyses of variance 
indicated that the experimental treat- 
ments of originality instruction and 
size of screwdriver did not produce 
a significant effect upon problem- 
solving speed or the originality meas- 
ures derived from the uses test. An 
H of 3.29, df = 5, was obtained for 
problem-solving speed, and 4.31, 
df = 3 for originality. 

In agreement with other studies 
involving the two-string problem and 
similar “insight” problems (11), men 
obtained significantly faster solutions 
than women (z= 5.08, P = .001). 
Men obtained significantly higher 
originality scores than women on the 
preproblem uses test (z= 2.52, 
P = .01), but not on the postproblem 
uses test. The U test was employed 
in these evaluations of the data. 

The rank-order correlations, rhos, 
obtained between problem-solving 
speed and measures of originality 
derived from the uses test are shown 
in Table 1. They indicate that a 
slight relationship between these 
measures does hold for the men. A 
rho of .61 (P <.01) was obtained 
between pre- and postproblem origi- 


TABLE 1 


Ranx-Orper CORRELATIONS BETWEEN ORIGI- 
NALITY SCORES AND PROBLEM-SOLVING 
Spzep iN Exr. I 


Pi blem Postproblem 
Originality and | Originality and 
Solution Speed Solution Speed 
Sex 
N Rho N Rho 
Men 55 :23* 67 127% 


Women 92 02 114 .08 


*P =.05. 
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TABLE 2 
Uses PRESENTED IN THE Cueck Lists ror Exp. I-IV 
Cond, Screwdriver Items String Items Balsa Wood Items 
Exp. II 
X paper cutter hang decorations fishing float 
1ce chopper clothesline dart game 
paint mixer test strength pin cushion 
measuring rod demonstrate knots paperweight 
paperweight measure distances child's toy 
Exp. III 
Xi =| table leg instead of paper- | same as Exp. II same as Exp. II 
weight | 


Exp. IV 


Xs | table leg instead of paper- 


dog leash instead of hang 


table leg prop instead of 


weight decorations paperweight 
Ci unscrew screws tie a box carve a figure 
screw in a bolt tie knots whittle 
fix a toaster tie a package carve a model plane 
fix a light switch tie things together carve a doll’s shoe 
fix a car motor in place of shoelace carve a model boat 
nality scores for women. A rho of Procedure—Both groups first received the 


34 (P=.05), was obtained between 
pre- and postproblem originality 
scores for men. Originality scores 
obtained from the S-L test do not 
correlate significantly with either prob- 
lem-solving speed or uses originality. 


Experiment II 


The purpose of this and the sub- 
sequent experiments conducted was 
to study the effects of a training 
method designed to facilitate solution 
of the two-string problem. 


Method 


Subjects.—The Ss were 40 college students 
drawn from introductory psychology classes. 
There were 8 women and 13 men in the experi- 
mental group, and 10 women and 9 men in the 
control group. The Ss were alternately assigned 
to the two groups in the order of their appear- 
ance for the experiment. One S was inadvert- 
ently assigned to the experimental group instead 
of the control group. 


S-L test as a warm-up task. Control Ss were 
then given the two-string problem. Following 
the S-L test, the experimental Ss were given 
three lists of uses, one for each of the three 
objects subsequently found in the problem 
situation—a screwdriver, a block of balsa wood, 
and a length of string. There were five different 
uses in each of the lists. Each use in a given 
list was paired with every other, giving a total 
of 10 paired items in a list, Arrangement of 
the items in a list was based on the scheme sug- 
gested by Ross (10), The experimental Ss 
were instructed to check which member of each 
pair they would be more likely to use. The 
uses appearing in each of the three lists were 
selected as being relatively uncommon on the 
basis of a preliminary inspection of the data 
collected in Exp. I. The items appearing in the 
lists are presented in Table 2. The order of 
presentation of the lists was varied according 
to a prearranged random order. There was no 
indication to the experimental group that the 
two-string problem was to follow the check lists. 

The two-string problem was presented in the 
same manner as in Exp. I. The small screw- 
driverwas employed in this and in the subsequent 
experiments. 


PROBLEM SOLVING 


Results 


Table 3 shows the solution times 
obtained by the experimental and 
control Ss. Since the distributions 
~ of solution times were highly skewed, 
they were evaluated by the Mann- 
Whitney U test. Experimental men 
obtained significantly faster solution 
times than control men (P = .05), 
and experimental women were sig- 
nificantly faster than control women 
(P — .04). Control men were signif- 
icantly faster than control women 
IP = .02). 


Experment III 


This experiment was conducted 
in order to confirm the stability of the 
results from the previous study and 
to investigate additional variables and 
possible uncontrolled factors. 

A new condition was added in order 
to determine whether the difference 
previously obtained between the ex- 
perimental and control groups could 
be due to transfer from the “paper- 
weight” use in the list for the screw- 
driver. Since the solution of the 
two-string problem depends upon 
using the screwdriver as a weight, 
a possible criticism of Exp. II is that 
the problem-solving performance of 
the experimental group was facilitated 
by some form of complex transfer 
from this item. The third group 
therefore differed from the original 
experimental group in that this item 


TABLE 3 


SOLUTION TIMES FOR EXPERIMENTAL AND 
ConrtroL Groves 1N Exp. I 


Men Women 
Cond, | S 
Mean| Mdn.| SD | Mean| Mdn.| SD’ 
Experi- 104 | 41 |158| 155 | 72 |196 
mental 
Control 194 | 123 | 191 | 509 585 | 134 
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TABLE 4 
Sotution Times rog THE Four Groups 
IN Exe. IIT 
Men Women 


Cond. 


Mean | Mdn.| SD 
x 47 | 40 37 | 169 | 101 | 173 


X, | 122 | 52 | 161 | 143 | 90 | 157 
FA | 122 | 72 | 146 | 338 | 324 | 232 
c 140 | 60 | 176 | 320 | 280 | 203 


in the screwdriver list of uses was 
replaced by the item “table leg." 
The second group added in this 
experiment free associated uses to the 
screwdriver, balsa wood, and string. 


Method 


Subjects.-—The Ss were 124 students. There 
were 18 men and 13 women in the free associa- 
tion (FA) group, 15 men and 16 women in the 
control (C) group, 19 men and 12 women in the 
original experimental group (X), and 14 men 
and 16 women in the revised experimental (X) 
group. 

Procedure-—Group C and Group X were 
treated in the same fashion as in Exp. II, and 
constituted a repetition of that study. Group 
X; differed from the first experimental group 
only in the replacement of the item “paper= 
weight" bysthe item “table leg" in the list of 
uses for the screwdriver. Group FA associated 
uses to the objects available in the experimental 
situation in the same fashion as Group II in 


Exp. I. 


Results 


Solution times for men and for 
women in each of the four conditions 
are shown in Table 4. A rank-order 
analysis of variance of the men in 
the four conditions yielded an H 
of 797, df =3, P = 05. U tests 
were made between individual groups 
of men. The only significant differ- 
ence (P = .02) obtained was between 
Group X and Group FA. The com- 
bined experimental groups differed 
from Group C at the .06 level and 
Group FA at the .01 level. 


| 


se 


3 y jit order analysis of variance 
of the "women in the four conditions 
yielded an H of 11.66, df = 3, 
P — 01. U tests were hade among 
the individual groups of women. 
Group X obtained significantly faster 
solution times than Group C 
(P = .05). Group Xi obtained sig- 
nificantly faster solution times than 
Group C (P = .02) and Group FA 
(P= .02). When the two experi- 
mental groups are combined, they 
differ significantly from Group C and 
Group FA at the .01 level. Men 
were significantly faster (P = .01) 
than women in all conditions except 
in Group Xi. 


Experiment IV 


Equivocal results were obtained in 
Exp. III with respect to the question 
of transfer from the check list to the 
problem-solving situation. 

A third experiment was therefore 
conducted. The original control and 
experimental conditions of Exp. II 
were again employed. A revised ex- 
perimental group was added in which 
several items were changed in order 
to avoid possible sources of transfer. 

A second control group was added 
to provide a more direct test of the 
hypothesis that different uncommon 
uses were responsible for the facilita- 
tion of problem solving. This group 
received a list of relatively similar 


TABLE 5 
Sotution Times For THE Four Grours 

1N Exp. IV 

Men Women 
Cond. 

Mean | Mdn. | SD | Mean| Mdn. | SD 
X 56 | 40 50 | 209 | 118 | 208 
X; 64 | 49 41 | 198 | 115 | 191 
(c 99 | 51 | 158 | 339 | 346 | 223 
C, | 104 | 45 | 161 | 310 | 191 | 225 
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common uses for each object. As a 
consequence, this group should not 
differ significantly from the original 
control group, and should be signifi- 
cantly slower than the experimental 
groups in its solution of the two-string 
problem. 


Method 


Subjects —The Ss were 144 students. There 
were 13 men and 23 women in each of the four 
groups employed. They were assigned to the 
different groups in the order of their appearance 
with the added restriction that the proportion 
of men and women be equal in the different 
groups. 

Procedure.—The control group (C) and the 
first experimental group (X) received the same 
treatment as in the previous experiments. The 
second experimental group (Xs) differed from 
Group X in terms of the substitution of new 
items in the check list as shown in Table2. The 
new control group (Ci) was given a list of com- 
mon uses for each of the objects as indicated 
in Table 2. 


Results 


Solution times for men and women 
in each of the four conditions are 
shown in Table 5. A rank-order 
analysis of variance of the solutions 
times obtained by the men in the 
four conditions yielded an H of 1.08, 
df = 3, which is not significant. A 
rank-order analysis of variance of the 
solution times obtained by the women 
resulted in an H of 8.43, df = 3, 
P = .05. Results of U tests among 
the individual groups of women 
showed that the two experimental 
groups did not differ significantly. 
Group X was significantly faster 
than Group C (P — .02), and ap- 
proached significance in comparison 
with Group C; (P = 7.05). Group X; 
was significantly faster than Group C 
(P = .02) and Group C, (P = .04). 
The combined experimental groups 
were significantly superior to Group C 
(P = .01) and Group C, (P = .04). 


PROBLEM SOLVING " 


Men were significantly superior 
(P = .01) to women in each of the 
four conditions of this experiment. 


DiscussioN 


The last three experiments reported 
upon were designed to test the hypothe- 
sis that if different uncommon responses 
are elicited, the tendency to give other 
uncommon responses will increase and 
problem solving would be facilitated 
as a consequence. Partial confirmation 
of this hypothesis was obtained. Wom- 
en receiving check lists of uncommon 
uses tended to perform significantly 
better than women without this experi- 
ence in these experiments. Absence 
of a significant difference between the 
original and revised experimental groups 
in Exp. III and IV and the significant 
superiority of the revised experimental 
groups over the control groups indicated 
that the facilitation of problem solving 
cannot be attributed in any simple 
fashion to transfer from the check list 
to the problem-solving situation. The 
significantly faster solution times of 
the two experimental groups receiving 
uncommon uses as compared to the 
control group that received common 
uses in Exp. IV suggest in a more direct 
fashion that it is the uncommonness 
of the responses elicited that facilitated 
problem-solving performance. 

Although results for the men in the 
three experiments were in the same 
direction as the women, they were not 
statistically significant in most cases. 
The original experimental group was 
significantly superior to the control 
group only in Exp. II and approached 
significance in Exp. III. The revised 
experimental groups were not signifi- 
cantly superior to the control groups in 
either Exp. III or IV. One possible 
interpretation of the inconsistency in 
results between men and women is that 
the problem was too easy for the men. 
It did not offer sufücient ceiling for 
them to improve as function of the 
experimental variables. This is indi- 
cated in part by their significantly 
faster solution times in 8 of the 10 
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i 
conditions employed in the last ite 
experiments, and a median “solution, 
time of approximately 60 see. for the 
three experiments, T HF 

The initial hypothesis that the elicita- 
tion of uncommon responses will facili- 
tate subsequent problem-solving" per- 
formance involves several assumptions 
for which there is only fragmentary 
evidence at the present time. One such 
assumption is that the tendency to 
emit uncommon responses is signifi- 
cantly related to facility in solving 
problems. Experiment I was designed 
to provide evidence on this point. The, 
results of this study suggest that there 
is a relationship between the uncommon- 
ness of response measure of originality 
of uses and performance on the two- 


.string problem. This conclusion, how- 


ever, is only provisional because of the 
sex differences encountered. 


SUMMARY 


Four experiments were conducted employing 
the two-string problem, Experiment I was 
designed to determine whether originality as 
measured in terms of uncommonness of response 
is related to the speed of solution on the two- 
string problem. Significant but low correlations 
between these measures were obtained for men 
but not for women. 

Experiments II-IV were designed to deter- 
mine whether presenting Ss with lists of uncom- 
mon uses for objects would facilitate their sub- 
sequent solution of the two-string problem in 
which these objects may be used. Training of 
this sort tended to facilitate the problem-solving 
performance of women in the absence of any 
obvious specific transfer effects. The direction 
of the effect was the same among the men, but 
was not statistically significant in the majority 
of the conditions. 
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HUMAN DELAYED-REWARD LEARNING WITH 
DIFFERENT LENGTHS OF TASKS ` 


CLYDE E. NOBLE AND 


Montana State University 


There is a common belief that 
reinforcement and feedback in human 
learning, just as in rodent learning, 
must be undelayed and specific if 
optimal proficiency is to be achieved. 
Lorge and Thorndike (8) reported, 
however, that immediate, quantita- 
tive knowledge of results produced 
no better skill in tossing a ball at an 
unseen target than did lags in feed- 
back up to 6 sec. That experiment, 
which is contrary to the familiar 
generalization found in most text- 
books, is rarely“ cited in discussions 
of delayed-reward learning. To ex- 
tend their work, Lorge and Thorndike 
suggested using “more available and 
definable responses, such as tapping 
keys, saying words or numbers, etc." 
(8, p. 193). 

Several papers appearing between 
1935 and 1951 have been reviewed by 
Ammons (1). Because of methodo- 
logical variations, the evidence is 
largely inconclusive, but null results 


l'This report is based on work done under 
ARDC Project No. 7707, Task No. 77133, in 
support of the research and development pro- 
gram of the Air Force Personnel and Training 
Research Center, Lackland Air Force Base, 
Texas. Permission is granted for reproduction, 
translation, publication, use, and disposal 
in whole and in part by or for the United States 
Government. 

?'The data were collected in 1953 by J. P. 
Christopher, J. B. Downs, and J. H. Harrell 
under the supervision of R. B. Card. Statistical 
analyses were performed by R. L. Frye, Jr, 
Patricia A. Ray, J. L. Regan, and A. "Taylor 
with the support of the L.S.U. Council on 
Research. A portion of the paper was read 
before the Southeastern Psychological Associa- 
tion, March 1957. For helpful comments we 
are grateful to R. B. Ammons, E. A.and I. McD. 
Bilodeau, F. M. du Mas, and D. W. Norton. 


WAYNE T. ALCOCK 
Louisiana State University 


predominate among experiments 
which do not fill the delay interval 
with other activity. A study by 
Saltzman (16) attempted to investi- | 
gate delayed information in verbal | 
learning, but the presence of con- 
founding factors in the procedure 
makes it difficult to interpret. Un- 
fortunately, the same appears to be 
true of recent experiments on line 
drawing (5, 17). With only one 
exception (2), researchers have been 
unable to keep trial spacing, work 
decrement, or forgetting from com- 
plicating their results. 

Regardless of one's evaluation of 
the available data on human Ss, 
however, it is logical to expect that 
between zero delay (immediate knowl- 
edge or reward) and infinite delay 
(no knowledge or reward) temporal 
gradients of some kind must exist 
which are contingent upon discover- 
able experimental conditions. Re- 
cently Bourne (4) found increasing. 
errors up to 8 sec. in a multiple-choice 
concept-identification task where the 
time interval preceding correct infor- 
mation began after a complex stimu- 
lus pattern was removed. Neither 
a contiguity nor a reinforcement 
theory would have difficulty explain-, 
ing the decremental influence of this 
type of delayed feedback. 

Less ambiguous than the human 
research are animal studies employing 
delayed reward in instrumental con- 
ditioning devices similar to the Skin- 
ner box. As interpreted by Spence 
(18), the current evidence indicates 
that reinforcement effects in rats are 
undiminished over temporal lags of 
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several seconds, unless receptor and 
postural orientation to the relevant 
cues is disrupted. The data show, 
in fact, that S’s ability to maintain a 
favorable “‘set” is partly dependent 
upon the nature of the task. With 
human Ss, the importance of task 
factors shows up in the differential 
feedback effects in discrete responding 
and in continuous tracking, as Bilo- 
deau (3) has nicely demonstrated. 
| Whether reward or information is 
| withheld seems to be of less conse- 
| quence than what S does during the 
|time interval between response and 
| aftereffect. 
| Among the task factors which may 
| be relevant to serial multiple-choice 
learning by delayed reward in man 
are the number of available responses 
(Npr) and the number of choice points 
(Np) in the problem (9, 10, 11, 12); 
ie, task complexity. By covarying 
these factors as in a prior experiment 
(12) in this series, one might first 
determine the relationship between 
task length (Np) and time of delay 
(Tq). If Te should interact with Np, 
then further analysis of the role of 
Nr holding Np constant would be 
| indicated. Should Np and Tg be 
independent, on the other hand, 
investigation of Ng would be un- 
necessary since Np = Np for each 
task. The former type of investiga- 
| tion, therefore, should have priority 
over the latter. Our basic question 
is whether increasing the complexity 
of the task will produce impaired 
performance over relatively short, 
| unfilled delays of reward. Longer 
delays, unfortunately, require con- 
founding alterations in the distribu- 
tion of practice if the reward is to 
occur contiguously with the relevant 
stimulus. 

The present experiment will study 
4-link vs. 10-link compound trial-and- 
error learning under six delays of 
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serial reinforcement from 0 to 3 sec, 
Of major interest will be (a) the in- 
fluence of amount of practice (NV) on 
each task, (b) the main effects of Tg 
in the two situations, (c) whether Tg 
interacts with N or Np, and (4) the 
acquisition curves of the two tasks 
expressed in terms of response 
probability (R,). 


METHOD 


Apparatus:—The learning device, described 
in detail elsewhere (10, 14), is a semiautomatic 
19-key push-button apparatus called the Selec- 
tive Mathometer. Pacing stimuli are presented 
serially by an electronically controlled slide 
projector, to which S responds by selecting keys 
on a semicircular panel. The stimuli consisted 
of distinctive electrical circuit symbols (11), 4 of 
which were used in the shorter problem and 10 
in the longer one. Stimulus presentation fol- 
lowed an invariant sequence for any given sub- 
group of four Ss, but the stimuli appeared in 
12 random permutations for each experimental 
(To) group as a whole (n = 48). 

The S's problem was to discover the correct 
sequence of reactions corresponding to the 4 or 
10 choice points in the two tasks. Like the 
stimulus series, there were 12 different response 
permutations for each Tg group, four Ss having 
a given permutation. The same keys were 
exposed as in corresponding conditions of the 
experiment on the Np factor (11). Considering 
S's keyboard as being numbered from left to 
right, the following keys were unmasked in the 
two problems: 


Np Available Keys 
4 4, 8, 12, 16 
10 2, 4, 6, 8, 9, 11, 12, 14, 16, 18 


Secondary reward (G) is provided by a 3-w 
green lamp mounted on the reaction panel just 
below the projection screen. This feedback 
or reinforcing event, which is independently 
variable in delay and duration, occurs auto- 
matically following each correct reaction (R+). 
Since the noncorrection procedure was employed, 
trial scores consisted simply of counter records 
and the polygraph was disconnected. 

Procedure—The experimental plan involved 
two mixed factorial designs (7, Type I), in which 
each S's problem was to practice an invariant 
sequence of either 4 or 10 S-R connections by 
serial reinforcement for 20 trials under one of 
the following delays of reward: .00, .25, .50, 
1.00, 2.00, or 3.00 sec. 


D es 
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In keeping with the distinction between 
ordinary delayed-reward learning (18) and the 
interpolated-response feedback method (3, 8), 
in which scores are reported one or more trials 
in arrears, the noncorrection procedure was used 
as in a recent study of the locus-of-reward 
factor (15). Thus S was required to make one 
and only one response at each choice point, 
and the locus of reward was serial. Following 
our conventional procedure (9, 10, 11, 12, 15), 
S was instructed to use the forefinger of his 
preferred hand, to respond as quickly as possible 
at each choice point, to return to the fixation 
plate after each choice, and to refrain from 
responding when the screen was dark. This 
entails what Bilodeau and Bilodeau (2) have 
called “hand-resting” rather than “hand- 
maintaining” activity. 

To ensure adequate time for signaling a 
correct response to S at the longer delays, the 
typical 2-sec. stimulus duration was increased 
to 4 sec. for this experiment. Generally all 
groups received G for an R+ before the dark 
period began, but of necessity the time between 
reward onset and stimulus offset tended to vary 
inversely with Te. Reward duration was 75 
sec, and the interstimulus period was 1.44 sec. 
as usual, but the intertrial interval lasted for 
10.88 sec. rather than 6.88 sec. This resulted 
in more distributed practice than formerly 
(e.g., 11), but had the advantage of maintaining 
a constant distribution of stimuli and trials 
for all Ss under the present conditions (cf. 10, 
p. 391). 

The Ss were 576 male and female recruits at 
Lackland Air Force Base. They were divided 
without bias into six groups of 48 Ss within each 
of the two tasks, and the 12 S-R permutations 


TABLE 1 


ANALYSIS OF VARIANCE oF CORRECT RESPONSES 
(R+) ron Six DELAY-or-REWARD 
Groups 1N 4-Link PROBLEM 
Dunixc Trrats 1-10 


Source df MS F 
Between Ss 287 : 
Delay of reward 5| 615| 1.04 
(Te) 

Error (b) 254 5.94 

ithin S: 

Trials (NV) 9 | 209.16 | 282.30** 

wie: 45 48 65 
N X To) 

Error (ay 2538| 74 

Total 2879 


TABLE 2 | 


Mean PERCENTAGE Correct RESPONSES 
(R%) Durine TRrars 1-10 


Number of | Delay of Reward (Ta) in Seconds 
Choice 
Points 
(Ne) 0 | 1/4 | 1/2 1 2 3 


4 69,90] 69.74] 71.30} 72.86] 71.35| 64.69 | 
10 25.67! 25.60| 27.33] 28.50| 23.77 22.77 | 


were randomly assigned to each Tg group 
independently. The two problems were run 
concurrently. All Ss were tested in subgroups 
of four on a multiple-unit version of the Selective 
Mathometer described earlier (11). Following 
the experiment, each S was isolated from the 
remaining Ss to prevent collusion. 


REsULTS 


The 4-link problem —To evaluate 
the amount-of-practice (N) and de- 
lay-of-reward (Tg) factors in the 4/4 
situation, a 10 X 6 analysis of variance 
was performed upon the R+ scores 
of the six delay groups during Trials 
1-10 (n = 48). Due to the fact that 
Ss reached a performance level over 
90% of mastery by Trial 10, the 
possibility exists that heterogeneity 
of form and variance might invalidate 
the F test beyond that point (7, 12, 
15). The analysis, therefore, was 
carried out upon the first half of 
practice only. As shown in Table 1, 
the main effect of N is significant, but 
neither the Te factor nor the N X To 
interaction reaches the 5% level. 
The upper half of Table 2 records the 
mean percentage of correct choices 
obtained during this period by each 
group. There is no evidence of any 
trend due to Ts. 

The 10-link problem.—To evaluate 
the N and Tg factors in the 10/10 
situation, the same type of analysis 
of variance was performed as above. 
In order to distribute the performance 
scores over a similar range and to use 
the same degrees of freedom, the 


J| 410 


TABLE 3 


|| Anatysts or VARIANCE or Correct RESPONSES 
(R+) ror Six Derav-or-REwARD 
Gnours 1N 10-Linx PROBLEM 
DuniNc Trrats 11-20 


Source df MS F 
|| Between Ss 287 
Delay of reward 5| 82.35 1.62* 
(To) 
j| Error (b) 282| 50.97 
Within Ss 2592 
Trials (N) 9 245.58 | 189.52*** 
Interaction 45| 1.80| 1.39** 
(N X Ta) 
Error (w) 2538| 1.30 
I| Total 2879 
4 Mr «0. 


* P 2 001. 


| analysis was restricted to the second 
| half of practice in this case. Refer- 
ring to the summary presented in 
Table 3, the main effect of N is again 
significant and there is a significant 
N X Tg interaction, but the Te 
!| factor itself fails to produce an over- 
all decrement at the 5% level. The 
probability that the obtained differ- 
ences are due to chance is about .15. 
y A significant Practice X Delay in- 
| teraction means that the various Tg 
| groups do not differ to the same extent 
| on every trial suggesting the possi- 
| bility of systematic though minor 
decreases in rate of change with 
| increasing delay in the 10-link prob- 
| lem. Inspection of the lower half 
| of Table 2, however, does not support 
| this hypothesis. The rank-difference 
correlation between the Te values 
and the R% scores is only .49, which 
for df — 4 is not significantly greater 
than zero. It may be noted that 
the rank order of Tg groups in the 
10/10 situation is exactly the same 
during Trials 11-20 as during Trials 
1-10. 
"Acquisition curves.—In view of the 
absence of significant differences in 
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the 4-link problem, the trial scores of 
the six delay groups were pooled to 
give a general curve based on 288 Ss. 
The same was done for the 10-link 
problem, despite the observed inter- 
action, then the acquisition curves: 
for the two problems (Np) were 
plotted as the probability of a correct 
response (R,) over successive trials 


In agreement with experiments on 
response availability (9, 12), task 
length (11), and locus of reward (15), 
all curves were asymmetrical and 
sigmoidal, conforming to the rational 
function proposed by Noble (10): 


[1] 


where a= asymptote of 1.00, 
i = reciprocal of number of choice 
points (1/Np), r = rate parameter 
dependent on Np, and N = number 
of trials by the  noncorrection 
procedure. 

By minimizing the sums of squares 
of the residuals to determine the 
parameter r, the best-fitting equations 
are as follows: 


Ry = a(i)” 


Np=4, Teg = 0-3 sec.: 

R, = 1.00 (.250) 7?" [2] 
Np = 10, Tg = 0-3 sec.: 

R, = 1.00 (.100) 9:5" [3] 


The percentages of variance accounted 
for are 99.3% and 99.8% for Equa- 
tions 2 and 3, the inflection points 
occurring at 1.12 and 9.50 trials, 
respectively. These computational 
procedures have been fully described 
elsewhere (11). It is important to 
observe that both curves rise faster 
(have smaller r parameters) than 
their counterparts in the earlier ex- 
periment (11) on Np. This difference 
is probably due to the use of more 
distributed practice and the non- 


correction procedure in the present 
‘study.’ 


Discussion 


Delaying serial reward up to 3 sec. has 
‘no significant effect upon human trial- 
"and-error learning, regardless of length 
of task or amount of practice. Our 
"negative findings thus agree with those 
of Lorge and Thorndike (8). As they 
| pointed out, “. . . itis almost impossible 
to prevent human subjects from keeping 
a connection . . . in. mind until the 
after-effect occurs or from recalling it 
—to mind when the after-effect occurs 
and then repeating some equivalent 
of the after-effect. The real relation 
would then be immediate, regardless of 
how long an ostensible delay we used" 
(8, pp. 193-194). 

From the quotation above, it is evident 
that the Thorndikean position on de- 
lJayed-reward learning is very close to 
that of other S-R behavior theorists 
such as Hull (6) and Spence (18). 
Without some kind of competing inter- 
polated responses, the occurrence of 
“sheer empty delay" (8, p. 186) does 
not necessarily lead to impaired per- 
formance. The hypothetical process 
generally thought to mediate this time- 
bridging ability of the organism is 
secondary reinforcement. Thus, Hull 
(6) suggested that temporal lags in 
reward following a critical response can 
maintain habit strength (H) through 
exteroceptive and proprioceptive stimuli 
having acquired reward value from 
"association with primary goal events. 
- Originally Hull had proposed a brief 
negatively accelerated delay function 
of the order of 30 sec. (gradient of 
reinforcement) operating in conjunction 
_ with secondary reinforcement to gener- 
ate more permanent effects (goal gradi- 
ent). As investigators gained further 
control over reward factors, Spence 
(18, p. 150) later argued that all em- 
pirical gradients may result from the 
stimulus generalization of immediate 


3'Theoretical and experimental support for 
the latter half of this statement has been pre- 
; sented elsewhere (13). 
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secondary reinforcement. More re- 
cently, however, Spence (18, p. 151) 
has forsaken habit-strength interpreta- 
tions in favor of simple experimental 
extinction, thereby adopting a Guthrian 
type of counterconditioning hypothesis. 

But these assumptions were developed 
to account for the behavior of animals 
working for primary rewards. It re- 
mains to be seen whether, in human 
learning by secondary reinforcement, 
decremental effects of delay of reward 
can be subsumed under the principle 
of experimental extinction. Until studies 
of multiple-choice learning are performed 
which employ a greater range of Tc 
values with and without disrupting 
interpolated activity, this question can- 
not be answered. The writers doubt 
that any published human data contain 
unequivocal evidence of impairment 
within this range due to “sheer empty 
delay” (8). A similar point has been 
made cogently with reference to the 
acquisition of discrete positioning acts 
in a recent paper by Bilodeau and 
Bilodeau (2). Five experiments (vary- 
ing delay of feedback, time between 
feedback and the next response, and the 
intertrial interval up to 7 days) failed to 
show any effects other than those due 
to distribution of practice. The only 
relevant data not in agreement with 
this conclusion are those of Bourne (4) 
but, as he pointed out, a (perceptual) 
forgetting hypothesis is as tenable as 
a (motor) reinforcement-generalization 


hypothesis. 


SUMMARY 


This experiment compared 4-link and 10- 
link human trial-and-error learning under six 
delays of serial reinforcement from 0 to 3 sec. 
The Ss (n = 48 for each of 12 conditions) 
practiced on a random sequence of either 4 or 10 
choice points (Np) for 20 trials by the noncorrec- 
tion procedure. Delay intervals were free of 
interpolated activity. R e. 

"The shorter task produced very rapid acquisi- 
tion, but there were no significant differences 
due either to delay of reward (Ta) or to inter- 
action with amount of practice (N). The 
longer task resulted in much slower acquisition 
and there was a significant N X Ta interaction 
late in practice, but the effect of Tg itself only 
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reached the 15% level. Response probability 
curves confirmed previous data on the influence 
of task length and its interaction with amount 
of practice, 

It was concluded that temporal lags in serial 
reward up to 3 sec. have no significant effect 
per se upon human trial-and-error learning, 
regardless of task complexity. Implications 
of the results for current explanations of delayed- 
reward and delayed-feedback phenomena were 
discussed. 
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CONCEPT IDENTIFICATION AS A FUNCTION OF 
COMPLETENESS AND PROBABILITY OF 
INFORMATION FEEDBACK !? 


LYLE E. BOURNE, JR., Ax» R. BRIAN PENDLETON 
University of Utah 


This paper reports two studies 
aimed at examining performance in 
a concept identification situation 
when the learner is provided with 
(a) complete vs. incomplete feedback, 
and (b) several degrees of intermittent 
information feedback. These experi- 
ments represent two in a program, 
the ultimate aim of which is to 
elucidate those circumstances wherein 
a learner makes maximal use of the 
information provided in a problematic 
situation. 

The first investigation in this series 
(2) demonstrated a strict dependence 
of concept identification performance 
on delay of information feedback. 
The number of errors made by S 
in solving this type of problem in- 
creased at a positively accelerated 
rate with delay. It is plausible to 
expect performance to depend in a 
similar fashion on completeness and 
probability of feedback. There is 
little evidence upon which to base a 
prediction concerning the effects of 
completeness of feedback except by 
comparison of two independent stud- 
ies wherein S was allowed either to 
respond to a stimulus until correct 
(1) or to respond once, being sub- 
sequently informed as to the cor- 
rectness of the response (2). On the 
other hand, there have been recently 
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many attempts to determine the 
effects of partial reinforcement on 
performance (4, 5, 6, 7, 8, 9, 10). 
Clearly, there are differences between 
the reinforcement used in these studies 
and the type of information feedback 
employed in the present experiments. 
However, the results suggest that 
intermittent feedback maintains a 
strong influence over behavior in a 
multiple-choice situation. 


Restle (11, 12) has proposed a mathematical 
theory of discrimination learning in which the 
stimulus situation is described as a set of ele- 
ments or cues that might be either relevant or 
irrelevant to a particular response. By assum- 
ing (a) that relevant cues are conditioned to a 
response, (b) that irrelevant cues are adapted or 
rendered nonfunctional during learning, and (c) 
that the probability of a response is proportional 
to the cues adapted to it, some success in predict- 
ing the results of two-choice discrimination learn- 
ing problems was obtained. In addition, by 
assuming that the degree to which a cue is dif- 
ferentially reinforced determines its “validity,” 
the model offered a descriptive account of how 
learning rate may depend upon reinforcement 
probability. Restle’s equation (12, Equation 
8), for validity as a function of the proportion 
of reinforcements, has yielded strikingly ac- 
curate predictions for a two-choice situation 
where one or the other response is reinforced on 
every trial. 


If reinforcement probability may 
be interpreted as the proportion of 
trials on which information feedback l 
is presented, certain quantitative pre- 
dictions concerning the role of this 
variable in a four-choice problem 
can be made. Walker (13) has 
generalized and modified Restle’s 
framework to make it applicable to a 
concept identification situation. He 
assumed that the number of relevant 


413 


414 


and irrelevant cues in a discrimina- 
tion problem is a function of the 
amount of relevant and irrelevant 
information in the stimulus patterns. 
Then, using Restle’s equation (11, 
Equation 8) for approximate number 
of errors, he found a close relationship 
between predicted and obtained con- 
cept identification performance. This 
type of analysis, with a further 
modification of the validity formula 
so that cue validity is 1 for 100% 
feedback and 0 for 0% feedback, 
will be used to compare predicted 
and obtained errors in the data to be 
reported. 


GENERAL METHOD 


Task —As in the earlier concept identification 
studies (1, 2, 3), S was presented with a series 
of geometric patterns each of which was a 
combination of the levels of x relevant and y 
irrelevant stimulus dimensions. To each pat- 
tern, S responds by pressing one of four keys to 
identify the category to which the pattern 
belongs. The four keys correspond to the four 
possible combinations of the two two-level 
dimensions which were relevant to problem 
solution. A dimension is relevant to solution 
if it is necessarily used in the correct identifica- 
tion of the patterns. If a dimension is irrele- 
vant, it appears at each of its two levels within 
the stimulus patterns but cannot be consistently 
used to correctly classify the patterns. For a 
a complete discussion of the task, see Bourne 
(2). 

The criterion of problem solution was 16 
consecutively correct identifications. An analy- 
sis of data from earlier studies for which the 
criterion was 32 correct responses indicated that 
less than 1% of Ss reaching 16 correct failed to 
continue without error to 32. All tasks were 
self-paced in that S was allowed as much time 
as needed to respond to any pattern. 

Apparatus—The » stimulus patterns were 
presented visually to S with a Dunning Animatic 
filmstrip projector. The S sat at a distance of 
2 ft. from the projection screen with the response 
keyboard before him. "The keys on S's board 
activated lights on a control panel located 
behind a partition and out of S's view. "Thus, 

E could record each response and in turn pro- 
vide feedback to S as to the correctness of each 
response. For all problems, the over-all time 
interval between S's response and the appearance 


LYLE E. BOURNE, JR., AND R. BRIAN PENDLETON 


of the next pattern was 5 sec. During that 
interval, the screen upon which the pattern had 
been presented was blank. Immediately upon 
S's response to any pattern, E provided informa- 
tion feedback (if it was scheduled) by means 
of a panel of lights mounted on the response 
unit. The duration of feedback was always 2 
sec. 

Stimulus lists.—Nine filmstrip series were 
prepared to present problems at three degrees 
of task complexity. "Three different problems, 
defined in terms of the two dimensions relevant 
to solution, were used: (a) orientation (upright 
or tilted figures) and form (square or triangle), 
(b) vertical position (figures at the top or bottom 
of screen) and size (large or small figures), and 
(c) color (red or green figures) and number 
(one or two figures on the screen in the same 
pattern). Task complexity was graduated in 
terms of the number of dimensions employed 
which were irrelevant to solution. The degrees 
of complexity selected were 1, 3, and 5 irrelevant 
dimensions. When a dimension was neither 
relevant nor irrelevant, it appeared at only one 
of its levels within the patterns. 

Since each pattern could take on one of the 
two levels of any relevant or irrelevant dimen- 
sion, the amount of information in the stimuli, 
assuming the two levels of a dimension to be 
completely discriminable, could be quantified in 
bits of information by evaluating logs of the 
number of equally probable alternative stimuli 
in the problem being presented. Thus, in these 
problems, there were 2 bits of relevant informa- 
tion and either 1, 3, or 5 bits of irrelevant 
information. 


Experiment I 


The purpose of the first study was 
to investigate the effect of variation 
in feedback completeness upon the 
acquisition of concepts. 


Procedure 


Subjects.—Fifty-four students in elementary 
psychology courses were each assigned randomly 
to solve one of the problems in one of six treat- 
ment combinations. Each S was presented at 
the outset with detailed instructions as to the 
nature of his task, the operation of the controls, 
the meaning of the information lights, and the 
criterion of problem solution. 

Design.—A 3 X 3X 2 factorial design. was 
used with three levels of task complexity (ir- 
relevant information), three different problems 
(dimensions relevant to solution), and two 
degrees of feedback completeness. Feedback 
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.was effected by one of two interchangeable 
light panels placed directly above and about 4 
in. from ‘the four keys on. the response unit. 
One panel, consisting of two jeweled lamps, 
provided simple right-wrong feedback subse- 
quent to S's response. This procedure was 
identified as incomplete. The second panel, 
consisting of four jeweled lamps, one directly 
above each of the four response keys, provided 
a greater degree of feedback; the light above the 
correct key for any given pattern was lighted 
subsequent to S’s response to that pattern. 
"This procedure was identified as complete. 


Results 


Two response measures were used: 
trials to solution and number of 
errors. Due to the high correlation 
between these measures (r — .901) 
and since the instructions to S stressed 
accuracy in problem solving, number 
of errors was considered the main 
dependent variable. Figure 1 pre- 
sents graphically the mean number 
of errors made by the complete feed- 
back and the incomplete feedback 
groups as a function of amount of 
irrelevant information within the pat- 
terns. An analysis of variance on 
these data is summarized in Table 1. 
A Bartlett’s test for homogeneity 
of variance on the residual error term 
indicated no significant heterogeneity 
Ge = 18.91, 17 df, P > 30). The 
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Fic. 1. Mean number of errors for the 
complete feedback and the incomplete feedback 
groups as a function of the amount of irrelevant 
information. Each plotted point represents the 
data from nine Ss. 
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TABLE 1 


ANALYSIS OF VARIANCE OF NUMBER 
or Errors, Exp, I 


Source of Variance df F 

Completeness of feed- 1 4,33* 

back (C) 

Irrelevant information (I) 2 11.46** 
Linear 1 2247** 
Quadratic 1 45 

Problems (P) 2 3.98* 

CXI 2 A5 

CXP 2 1.09 

IXP 4 90 

CXIXP 4 48 

Residual MS 

Residual 34 | 1487.98 

Total 53 
*P <.05, 

** P «0 


main effects of completeness of in- 
formation feedback, amount of ir- 
relevant information, and problems 
were statistically significant. The 
significance of the irrelevant informa- 
tion source of variance is consistent 
with all earlier results (1, 2, 3) and 
indicates that the number of errors 
made in solving this type of problem 
is an increasing function of task 
complexity. Figure 1 indicates that 
this increase is a nearly straight line 
function of information in bits. In 
an orthogonal polynomial analysis 
applied to the function, only the 
linear term reached the .01 level of 
significance. The near constancy of 
the difference between the complete 
feedback and the incomplete feedback 
Ss over the range of task complexity 
used, as shown in Fig. 1, was sup- 
ported by the nonsignificance of 
the completeness of feedback by 
irrelevant information interaction 
term of the analysis. 

Consistent with earlier results (2), 
the variance identified with problems 
was statistically significant. The 
greatest number of errors was asso- 
ciated with Problem -b which con- 
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tained a relevant “positional” dimen- 
sion, i.e. a dimension referring to 
the position of the figure on the screen 
rather than to the character of the 
figure itself. ) 

With trials-to-solution as the per- 
performance measure, essentially 
identical results were found; the 
analysis of variance showed the same 
sources of variance to be significant. 


Walker’s modification (13) of the 
Restle model (11) was made with the 
assumption of complete feedback to S 
and is not necessarily adequate to 
account for the data of the incomplete 
feedback group. The equation appli- 
cable for predicting approximate number 
of errors made is of the form 


anla] co 


where 6 is the ratio of relevant to total 
stimulus information in the problem 
and k is a proportionality constant. 
For the three levels of complexity used 
in the experiment, 6 is 2/3, 2/5, and 2/7, 
respectively. The mean number of 
errors made by Ss in the complete feed- 
back group for the three levels of task 
complexity were 23.00, 42.89, and 73.78. 
The predicted errors, from Equation 1, 
for these three conditions are 1.054, 
1.98, and 3.11k. For convenience of 
comparison the predictions are reduced 
to the following scalar-vector product: 
1.054 (1 1.89 2.96). The obtained errors 
represented in the same form are: 23.00 
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Fic. 2." Mean number of errors as a joint 
function of the amount of irrelevant information 
and the probability of feedback. Each plotted 
point represents the data from nine Ss, 
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(11.86 3.21). Solving for k as the ratio 
of the scalar multipliers, one gets 21.82. 
The correspondence between the pre- 
dicted and the obtained vectors, though 
not perfect, is promising. As was ex- 
pected, the correspondence between this 
prediction and the errors observed for 
the incomplete feedback group was less 
exact. 


Experiment II 


Experiment II was designed to 
assess concept identification per- 
formance as determined by vari- 
ous probabilities of complete 
information feedback. 


Procedure 


Subjects —The Ss were 108 students, as- 
signed randomly and individually to one of 12 
main treatment combinations. None had served 
in Exp. I, The general instructions were es- 
sentially the same as those used in Exp. I. In 
addition, all Ss were told that, on some trials, 
feedback might not be presented. The Ss were 
to interpret this event as meaningless insofar 
as the correctness of the response was con- 
cerned and to proceed on to the next pattern. 

Design—A 3 X 3 X 4 factorial design was 
employed with three levels of task complexity, 
three different problems, and four schedules of 
feedback probability, 100%, 90%, 80%, and 
70%. The schedule of feedback for any given 
probability level was the same for all Ss serving 
in that condition and was determined a priori 
by reference to a table of random numbers so 
that, within every 128 patterns, 100%, 90%, 
80%, or 70% of S’s responses were reinforced 
(or corrected) by E. 


Results 


Trials to solution and number of 
errors were recorded and, for reasons 
similar to those of Exp. I, error score 
was considered the main dependent 
variable. Figure 2 represents mean 
number of errors as a joint function 
of task complexity and probability 
of feedback. The analysis of vari- 
ance performed on these data is 
summarized in Table 2. A Bartlett’s 
test indicated no significant hetero- 
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geneity of variance in the residual 
term of the analysis (x? = 34.78, 
35 df, P > .20). The main effects 
of amount of irrelevant information 
and of feedback probability were 
significant (P = .01). The signifi- 
cance of the irrelevant information 
source is consistent with the results 
of the first study, and again only the 
linear term of an orthogonal polyno- 
mial analysis of this function reached 
a significance level greater than .01. 
In addition, the mean number of 
errors increased as probability of 
feedback decreased. An orthogonal 
polynomial analysis applied to this 
function suggests that it, too, is 
linear. 

Inconsistent with the results of 
Exp. I is the failure of the Problems 
term to reach significance. However, 
as in the earlier results, Problem 3, 
the problem with a relevant “posi- 
tional” dimension, was the most 
difficult. 


A theoretical analysis of the errors 
made, following Walker (13), neces- 
sitated the introduction of the notion 
of cue validity. Recall 6, the ratio of 
relevant to total information. Restle 
(12) suggested that 0 might act in a 
multiplicative fashion with cue validity, 
V, so that the equation predicting the 
number of errors, Equation 1, would 
involve a term 6, in place of 6, which is 
equal to (7. Restle presented an 
expression for V in a two-choice situa- 
tion wherein X = 1 when reinforcement 
of a response is either 0 or 100% and 
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TABLE 2 


ANALYSIS OF VARIANCE oF NUMBER 
or Errors, Exp, II 


Source of Variance df F 

Feedback probability (F) 3 5.87* 

Linear 1 1747* 

Quadratic 1 14 

Cubic 1 .01 
Irrelevant information (I) 2 31.64* 

Linear 1 63.27* 

Quadratic 1 01 
Problems (P) 2 .66 
FXI 6 .58 
FXP 6 .78 
IXP 4 22 
FXIXP 12 .66 

Residual MS 

Residual 72 | 1073.06 
Total 107 

*P < 01. 


V =0 when reinforcement is 50% for 
either response. For the four-choice 
concept identification situation, the func- 
tion was modified such that X = 1 for 
100% feedback and 0 for 0%. The 
equation used in analyzing the present 
data was of the form 


V = 5x? + Sr [2] 


where m is the proportion of trials ac- 
companied by feedback. 

Table 3 shows the result of a 
theoretical analysis of the error data, 
including cue validity, theoretical and 
observed error vectors, and the propor- 
tionality constant. The degree of cor- 
respondence between observed and ex- 
pected vectors for the various experi- 
mental conditions was extremely close, 
the greatest discrepancies appearing in 


TABLE 3 
THEORETICAL ANALYSIS OF ERRORS 

Group| V Observed Vector* Theoretical Vector k 
^ 21.40 

100% | 1 22.56 (1 1.89 2.96) 1.054% (1 1.89 2.90 / 
$0 .855 26.78 it 194 2.98) 1272k (1 1.92 P ae 
80% | .720 31.00 (1 2.19 3.15) 1.578% (1 1.95 3 à 19.65 

70% | .595 39.23 ü 1.96 3.08) 2.008% (1 1.97 3.11) is 
3-, and 5-bit irrelevant conditions at each 


level of feedback probability, multiply 


a i i 1s 
To obtain the actual mean number Es errors PIENE iem aires in the vector. 
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TABLE 4 


DIFFERENCE IN Mean NUMBER or TRIALS ON 
Wnick FEEDBACK Was PRESENTED 
Berween THE 100% CoxprrioN 
AND ALL OTHERS 


(16 criterion trials excluded) 


Feedback Probability 


Task Mean 
Complexity Diff. 
90%- | 80%- | 70%- 
100% 100% 100% 
1 bit =1.4 | —3.8 | —19 | —2.4 
3 bits 3.3 | —3.8 | 20.6 6.7 
5 bits 6.3 | 23.2 | 314 | 203 
Mean 2.7 5.2 16.7 


the 80% feedback condition. Note also 
that k was roughly the same for all 
conditions and compared well with & 
estimated from the data of Exp. I. 
There was, however, some tendency for 
a systematic decrease in & with the 
reduction in feedback. 

A final analysis made on the data 
was suggested by the possibility that 
the actual number of reinforced (feed- 
back) trials might be the same for all 
feedback conditions. If S simply dis- 
regarded those trials on which no feed- 
back was presented, the increase in 
number of trials required as feedback 
was reduced might be a reflection of the 
necessity for a critical number of rein- 
forced trials to reach the solution of any 
problem. Table 4 presents the difference 
in mean number of trials on which in- 
formation was presented between the 
100%. group and all others. Note 
the increasingly inhibiting effect of 
reduced feedback as problem complexity 
was increased. This finding suggests an 
interaction of these two variables al- 
though there was no statistical support 
for this conclusion. Actually fewer trials 
accompanied by feedback were required 
by Ss in the 1-bit irrelevant groups 
whereas more trials were needed by the 
3- and 5-bit irrelevant groups. 


Discussion f 


The results of these studies clearly 
support several of the proposed hypothe- 
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ses. Asin most earlier studies (1, 2, 3), 
task difficulty was found to be effectively 
controlled by varying the amount of 
irrelevant information in the patterns. 
Performance was an inverse linear func- 
tion of irrelevant information. Both 
completeness of information feedback 
and probability of information feedback 
were consistently significant sources of 
variance in the analyses. The data sup- 
port the notion that reducing complete- 
ness of feedback simply reduces per- 
formance by a constant amount, regard- 
less of task complexity. This factor, 
then, cannot account for the difference 
in shape of the performance-complexity 
function evident from a comparison of 
the results of two previous experiments 
(1,2). Itis plausible, then, to attribute 
the discrepancy in these earlier data to 
another important methodological dif- 
ference between them—the sophistica- 
tion of Ss. In the first of these experi- 
ments, $s served in several sessions on 
consecutive days, whereas in the other, 
all Ss were naive and served only once. 

The analyses of the effect of prob- 
ability of feedback suggest that its effect 
depends upon task complexity, reduced 
probability being more inhibiting as task 
complexity increases. There is, how- 
ever, no statistical support for this con- 
clusion. It is plausible to argue that, 
had several other schedules of feedback 
or several other levels of irrelevant infor- 
mation been introduced into the experi- 
mental design, a significant interaction 
might have been found. However, in- 
creasing these effects would lead to a 
severe sampling problem since the data 
of pilot studies indicate that sizable per- 
centages of Ss fail problems of greater 
complexity or less feedback probability. 

Of obvious significance is the success 
obtained with the theoretical analysis 
of the present data. Coupling the 
general framework of Restle (11, 12) 
with. the modifications suggested by 
Walker (13), quantitative predictions 
concerning the way in which performance 
(errors) in a four-choice problem should 
be affected by changes in irrelevant 
stimulus information and intermittent 
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information feedback were made and, 
by and large, confirmed. The close fits 
of the predictions to the empirical results 
clearly support the assumption that a 
functional relationship exists between 
the ratio of relevant to total stimulus 
cues, as described by Restle, and the 
ratio of relevant to total information 
in bits, within the stimulus patterns, 
as discussed by Walker. The extention 
of the concept of cue validity, beyond its 
application to reinforcement probability 
in two-choice discrimination learning, 
was also confirmed. The data indicated 
that validity was affected by the pro- 
portion of trials in a four-choice problem 
accompanied by complete information 
feedback; in general, an inverse relation- 
ship exists between feedback probability 
and cue validity. According to Walker, 
k should remain constant regardless of 
feedback or complexity conditions. Al- 
though there is no great variability in 
the estimated &’s, there appears to be a 
systematic reduction in the k value as 
feedback probability is reduced. The 
reason for this trend is not obvious but 
may be due to the chosen form of the 
validity equation. Other constants were 
tried in Equation 2 but these failed to 
change the trend in k. Because of the 
close fits obtained, further information 
should be available before any modifica- 
tion is made in the form of Equation 2. 
It should be stressed that the analysis 
performed is not represented as strictly 
in accord with Restle's probability model. 
The data, however, were encouraging 
enough to warrant a continuation of the 
conceptions used. 


SuMMARY 


‘Two experiments were conducted to test the 
effects of completeness and probability of in- 
formation feedback upon concept identification. 
In Exp. I, 54 Ss served in a factorial design with 
three levels of task complexity (1, 3, and 5 bits 
of irrelevant information within the stimulus 
patterns) and two degrees of feedback com- 
pleteness (a complete feedback and an incom- 
plete feedback condition). The task for S was 
to learn the correct method of classifying 
visually presented stimulus patterns. 
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In Exp. II, 108 Ss served in a factorial design 
with the levels of task complexity used in Exp. I 
and with four different schedules of feedback 
probability, 100%, 90%, 80%, and 70%. The 
task was essentially the same in the two studies, 

The major findings were: (a) Feedback 
completeness significantly affected concept 
identification. There was a relatively constant 
difference between the incomplete. and the 
complete feedback groups in performance at all 
levels of task complexity. (b) Feedback 
probability also was a consistent source of 
variance ın the analyses. There was an inverse 
linear relationship between errors and feedback 
probability. Although the analysis of variance 
indicated no significant Probability X Complex- 
ity interaction, the data do suggest this as a 
possibility. (c) Varying the amount of irrele- 
vant information in the stimulus patterns was an 
effective method of manipulating task difficulty. 
In both studies, performance decreased linearly 
with increased irrelevant information. (4) 
The performance observed under various condi- 
tions ‘of feedback probability was adequately 
predicted by Walker’s (13) modification of 
Restlé’s (11, 12) model for discrimination 

ing. 4 
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In his review of the problem of task 
difficulty and transfer of training, 
Day (3) pointed out that many 
methods have been used to vary the 
difficulty of the tasks employed, and 
that it has been hard to generalize 
about the results: Day concluded 
that one of the principal problems 
in this area is the specification of the 


'. mode of varying task difficulty. More 


detailed knowledge of how perform- 
ance is affected when Ss transfer 
from one level of difficulty to another 
may aid in the specification of relevant 
dimensions of difficulty. 

- Ammons, Ammons, and Morgan 
(1) studied the effects of transfer 
between tasks which were of unequal 
difficulty. Using a rotary pursuit 
task, they examined the effects of 
four speeds of rotation (40, 50, 60, 
and 70 rpm) before and after a rest 
- period. They also varied the degree 
- of distribution of practice in a fac- 
“torial design. Under all conditions, 
the duration of initial practice was 


5 min. The basic results were: (a) 


at all stages of practice, greater time 
“on target was associated with slower 
target speeds, (b) there was no in- 
teraction between distribution of prac- 
tice and target speed, and (c) shifting 
from slower to faster speeds resulted 
in better performance than shifting 
from faster to slower, although prac- 
tice at the same speed on both tasks 
was better than other conditions in 


l'This research was supported by a grant 
from the Research Committee from funds pro- 
vided by the Wisconsin Alumni Research 
Foundation. The writers are also indebted to 
the Numerical Analysis Laboratory for its 
. assistance in the statistical computations. 


most cases. One limitation of this 
study, as the authors pointed out, 
was that the degree of first task 
practice was relatively low. 

In the present study, longer periods 
of practice on the first and second 
tasks were used than in the Ammons, 
Ammons, and Morgan study. It was 
thought that such a practice schedule 
would increase the transfer effects 
and permit a more extensive study of 
these effects. : 

In addition, two dimensions of task 
difficulty were studied: (a) speed of 
target rotation, which has been shown 
to produce different levels of per- 
formance (1, 6); and (b) radius of the 
target orbit, which was expected to 
affect learning and transfer since 
different target orbit radii require 
different amounts of physical move- 
ment. Since there was no interest 
in the interaction of the two methods 
of varying difficulty, a separate ex- 
periment was performed for each 
variable, holding the other constant. 


PROCEDURE 


Subjects Three groups of 15 women stu- 
dents in introductory psychology courses at the 
University of Wisconsin served individually in 
each of the two experiments (total N = 90). 
They volunteered for the experiment, were given 
extra credit towards their course work for 
serving, and no S was permitted to serve in both 
experiments. Each S was naive to the task 
and apparatus and was assigned randomly to 
one of the six subgroups. Under all conditions, 
S was required to serve for two sessions, on two 
consecutive days at about the same hour. 
Four additional Ss were run but their data were 
discarded. Three of these did not return for 
the second session and the fourth was dropped 
because of a power failure during the experiment. 

Apparatus and task—A variable speed- 
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variable radius pursuit rotor was used. The 
length of the stylus from the hinge to the point 
was 6 in. and the point of the stylus contained 
a ball bearing to reduce friction and maintain 
a constant-sized stylus tip. 

By means of interchangeable turntables Æ 
varied the distance of the target from the center 
of the turntable. These target orbit radii were 
2.0, 3.5, and 5.0 in. (center to center). The 
target was a brass disc of .75 in. diameter and 
was set flush with the surface of the turntable. 

The turntable could be adjusted to run at 
speeds of approximately 15-85 rpm. Using a 
stroboscopic attachment, E adjusted the speed 
to within .5 rpm of the desired values of 40, 60, 
and 80 rpm. 

When the stylus point contacted the target, 
the circuit was completed to the Tracking-time 
Analyzer. This apparatus has been described 
elsewhere (2), its essential features being a 
bank of 13 resettable counters and a .01-sec. 
scale Standard Electric clock. The clock was 
used to obtain total time-on-target measures. 
The first of the counters directly recorded each 
contact between the stylus point and the target. 
The other counters were activated only after 
S had been continuously on target for various 
minimum durations, The durations measured 
by these counters were -00, .05, .10, .20, .30, 
-40, .60, .80, 1.00, 1.20, 1.60, 2.00, and 5.00 sec. 

The S could score only during the trial, 
although the rotor was allowed to run 
continuously throughout each session, 

The sounds from the operation of the relays 
and counters were clearly audible to S and al- 

lowed for limited knowledge of results. How- 
ever, the Tracking-time Analyzer and Æ were 
separated from S by a partial wall and S's 
Scores were not made known to her. 

Conditions—All Ss received thirty 30-sec. 
trials per day, with a 60-sec. rest interpolated be- 
tween trials. During the intertrial rest, S 
placed the point of the stylus in the center of the 
turntable and read magazines on a nearby desk. 

The “speed experiment” studied the effect 
of transferring from one of three different speeds 
of target rotation and the “radius experiment”. 
studied the effect of transferring from one of 
three different target orbit radii. 

Each of the three groups in the speed experi- 
ment practiced tracking the target at one of three 
speeds on Day 1: 40, 60, or 80 rpm. On Day 2 
all Ss in this experiment practiced tracking a 
60-rpm target. On both days the target orbit 
radius was held constant at 5,0 in. These 
groups will hereafter be designated as the 40-60, 
60-60, and 80-60 groups. 

Each of the three groups in the radius experi- 
ment practiced tracking targets rotating at one 
of three radii on Day 1: 20, 3.5, or 5.0 in. On 
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Day 2 all Ss in this experiment practiced tracking i 
a target rotating on a 3.5-in. orbit. On both . 
days the speed of rotation was held constant at. 
60 rpm. These groups will hereafter be desig- 
nated as the 2,0-3.5, 3.5-3.5, and 5.0-3.5 groups. 

Insiructions.—All Ss were given general in- 
structions about the task, suggestions on efficient. 
methods of tracking, and a demonstration, 
"They were told specifically to try to remain on _ 
target as long as possible, that they would 
receive 30 trials lasting for 30 sec. each and that 
there would be a 60-sec. rest between trials, 
that they should pick up the handle on the com- 
mand of “Ready” but not start tracking until 
the “Start” signal had been given, and that the 
scoring apparatus would record the number of 
times they hit the target and how long they 
stayed on each time. No mention was made of 
a change in conditions before the start of the 
second session on Day 2. 


Rxsurrs 
Speed of Rotation 


Time on target.—Figure 1 presents 
the mean percentage time on target — 
for both sessions for Groups 40-60, 
60-60, and 80-60, As may be seen, 
when the three groups tracked targets 
of different speeds, Day 1, their per- 
formance was markedly affected. Al- 
though a usually effective? trans- 
formation was applied (4), significant ji 
heterogeneity of variance remained 
Ge = 16.20, P < .01, 2 df). An ex- 
tended trend analysis of variance (5) 
was performed on the transformed 
Day 1 scores, but because of the E 
heterogeneity of variance the F table E: 
was entered with one-half the df of the — 
error term. Nonetheless, the means — 
and slopes for the three groups were 
significantly different, F = 61.80 and 
F = 8.84, respectively (2 and 42 df 


2The transformation was essentially loga- 
rithmic but since some scores were zero, a 5 
constant of .01 was added to all scores, To 
avoid logs having negative characteristics, 
another constant of 2.00 was added; therefore — 
the complete transformation was 2+ log (%-+.01). — 
This transformation successfully eliminated _ 
heterogeneity of variance in all cases except for 
the time-on-target scores, Day 1, speed experi- 
ment. 


ROTARY PURSUIT TASK 


and’P < .01 for both). Clearly, time 
on target performance is acquired 
more rapidly and to a higher degree 
as an inverse function of target speed. 

On Day 2 all groups practiced under 
the same conditions of 60 rpm, but 
their performance curves were mark- 
edly dissimilar in certain respects. 

An extended trend analysis on the 
modified log transformation of these 
scores indicated that the rate of gain 
as well as the change in rate of gain 
were highly significant (between group 
slopes, F = 6.683; between group 
quadratics, F = 5.766; 2 and 42 df 
and P <.01 for both). The third 
and fourth order polynomials were 
also significant but their meaning is 
unclear. 

Table 1 presents the mean per- 
centage of time on target for blocks of 
5 trials for each group. The first 
three columns summarize the data 
from the speed groups. The re- 
maining three columns summarize 
the data from the radius groups which 
will be considered later. 

Although the differences among the 
over-all means for the three groups 
for Day 2 were not significant in this 
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Fic. 1. Mean percentage of time on target 
for each group in speed experiment on each trial 
on Day 1 and Day 2. 


analysis, there is considerable evidence 
of differential transfer as measured 
by level of performance as a function 
of target speed on Day 1. An analy- 
sis of variance of the transformed 
scores for the first trial for Day 2 
shows that the group means differ 
significantly (F = 11.60, P <.01, 
2 and 42 df). A trial-by-trial analysis 
indicated that the means differed 
beyond the .05 level on Trials 2, 4, 
5, 6, 7, 11, and 12. After Trial 12 
no significant differences were ob- 
tained. In view of these results 


TABLE 1 


Mean PERCENTAGE or TIME on TARGET 
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TABLE 2 f 
Proportions or Torar Hrrs ror SPECIFIED INTERVALS Fon EAcH Group f 
(Sums of Trials 1-5 on Day 2) 
‘Duration Speed Groups Radius Groups 
of Hits z 
(Sec) 40-60 60-60 80-60 2.0-3.5 3.5-3.5 5.0-3.5 
.00- .049 .280 162 .226 .087 .082 .076 
.05- .099 235 223 T 296 -162 .149 .166 
-10- .199 251 255 .255 .283 .238 .267 
.20- .299 .104 .152 .120 170 .150 171 
.30- .399 .065 .063 .045 .078 .085 .087 
40- .599 045 .086 .044 117 -140 .120 
.60- .799 015 .029 .009 044 071 .055 
.80- .999 .003 .010 .004 .023 .031 . 017 
1,00-1.199 .002 .004 .002 .015 .025 .018 
1.20-1.599 <.001 .004 0 012 016 014 
1.60-1.999 «.001 .002 0 .006 -010 .006 
2.00-4.999 0 .001 0 .003 004 .003 
Over 5.00 0 0 0 0 0 0 
Total Hits 3341 3785 2950 3522 3516 3666 


and those of the trend test it seems 
reasonable to conclude that practice 
at different target speeds shows dif- 
ferential transfer for at least several 
trials; and that with continued prac- 
tice, these differences decrease and 
become statistically insignificant. 
Distribution of hits.—The distribu- 
tions of durations of continuous time 
on target (hits) obtained from the 
Tracking-time Analyzer were deter- 
mined for each group in six blocks 
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Fie. 2. Mean percentage of time on target 
for each group in radius experiment on each 
trial on Day 1 and Day 2. 


of five trials each. The data were 
grouped to increase the stability of 
the frequency distribution. The ob- 
vious differences on Day 1 will not be 
described since interest is principally 
in the transfer effect. 

The left half of Table 2 presents the 
Proportions of these hits at the vari- 
ous durations for the three groups 
in the speed experiment for Trials 1-5 
on Day 2. The 60-60 group not 
only hit the target more frequently 
but made significantly more long- 
duration hits and fewer short- 
duration hits, 

These performance differences in 
favor of the 60-60 group were con- 
sistent throughout all six blocks of 
five trials (x? values with P < .001) 
although the magnitude of the differ- 
ences decreased with practice. Evi- 
dently the measure of distribution 
of hits is more sensitive than the 
usual time-on-target measure. 


Target Orbit Radius 


Time on target.—The mean times 
on target for the three groups in this 


experiment (2.03.5, 3.5-3.5, and 
—5.0-3.5) for both sessions of practice 
— are presented in Fig. 2. Again, 

after applying the modified log trans- 
formation, an extended trend analysis 
was performed. As in the speed 
experiment, the dimension of target 
orbit radius was highly effective on 
Day 1. The means differed beyond 
— the .001 level and the between group 
slopes and quadratics were significant 
beyond the .05 level. 

'The data for Day 2 present a dif- 
ferent picture of transfer effects than 
in the speed experiment, however. 
None of the between-group differ- 
ences was significant. "Therefore, it 
cannot be concluded that tracking 
targets of different orbit radii dif- 
ferentially affects performance on a 
common task, at least as measured 
by time on target. It may be seen 
in Table 1, however, that Group 3.5- 
3.5 consistently scores slightly higher 
on Day 2 than do the other radius 
groups. This is in line with the re- 
sults from Day 2 for the speed groups. 

Distribution of hits.—As before, the 
durations of continuous time-on-tar- 
Bet scores were grouped into six 
blocks of five trials each. These data 
for the first block of trials (1-5) on 
Day 2 are shown in the right half 
of Table 2. As in the speed experi- 
ment, the group which did not have 
a change in conditions (Group 3.5- 
13.5) displayed a significantly superior 
level of performance on Day 
Significant x?s were found for all six 
blocks of Day 2 practice. The Ss 
in Group 3.5-3.5 made more long- 
duration hits than Ss in either of the 
© Other groups. 

Once again the distribution-of-hit 
analyses appeared to be more sensitive 
in detecting group differences than 
an analysis of the more usual measure 
_ Of time on target. 
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Discussion 


A possible reason for different transfer 
effects as a function of the two methods 
of varying difficulty is that the levels of 
difficulty used in the speed experiment 
gave a greater range of performance 
than did the levels used in the radius 
experiment. 

An alternative explanation seems more 
likely, however. If the two major stimu- 
lus variables are redefined in more 
general terms, one can identify variations 
in speed and radius as comparable to 
changes in the frequency and amplitude 
of the stimulus, respectively. Further- 
more, when S matches his responding 
rate to the frequency of the stimulus, 
he will have established a rhythm of 
responding. The greater differential 
transfer in the speed experiment suggests 
that this rhythm may be one of the 
specific component skills which is learned 
by $. Since there was much less differ- 
ential transfer in the radius experiment 
(detected only by the continuous hits 
analyses), the results suggest that the’ 
amplitude of response is a much less 
specific component skill. 

It is to be noted that frequency has 
been equated to speed of rotation and 
not to target velocity as such, since a 
change in speed of rotation (frequency) 
or target orbit radius (amplitude), 
with the other held constant, will vary 
target velocity. In the present study, 
variations in target velocity were actually 
greater in the radius experiment than 
in the speed experiment but greater 
differences in transfer were observed in 
the latter. 

It appears reasonable that at different 
levels of task difficulty, some component 
skills will be learned more readily than 
others. Which skills are learned is 
probably determined by the ease of 
practicing the skill, the frequency of 
reward for such practice, and the ability 
level of $. For example, an S practicing 
with a 5-in. target orbit radius will 
probably be “off target” more often than 
an S practicing with a 2-in. target orbit 
radius. The former condition is likely 
to give $ more practice in making cor- 
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rective movements to get back on target. 
Conceivably the component skill could 
be a decision-making one. For a high 
speed of rotation § might reasonably 
decide to wait for the target to catch 
up to him rather than try to overtake 
it when he is off target. Such a pro- 
cedure might be inappropriate when 
transferring to a slower target rotation, 
however, since more time would be lost 
waiting for the target to complete its 
rotation, The specific decision will of 
course be determined by both the speed 
of rotation and the size and direction 
of the tracking error. It is proposed, 
therefore, that different methods of 
varying task difficulty will emphasize 
the learning of different component 
skills, Also, a gross time-on-target score 
will not be an adequate index of the 
differential component-skill ability. 

The persistence on the second task 
of some component skills is likely because 
S receives some over-all reinforcement 
and may not be able to identify and 
compare the component skills as such. 
Such an interpretation would suggest 
that at various stages of practice of the 
second task, it should be possible to 
identify systematic changes in compo- 
nents as prior ones are discarded or 
modified. 

It is conceivable that certain com- 
ponent skills could be emphasized by 
experimental manipulation of instruc- 
tions, perceptual feedback, and task 
requirements, thereby controlling the 
amount and degree of transfer. 


Summary 


Two pursuit-rotor experiments were run 
simultaneously to investigate the effects of 
varying first task difficulty on transfer to a 
second task. "Two methods of varying difficulty 
were used: speed of rotation of the target and 
radius of the target orbit. In the speed experi- 
ment, three groups practiced with different 
speeds on Day 1 (40, 60, and 80 rpm); each 
group transferred to a common speed (60 rpm) 
on Day 2. For these groups the target orbit 


DANIEL S. LORDAHL AND E. JAMES ARCHER 


radius was held constant at 5.0 in. In the 
radius experiment, three groups practiced with 
different target orbit radii on Day 1 (2.0, 3.5, 
and 5.0 in.) and transferred to a common radius 
on Day 2 (3.5 in.). For these groups the speed 
of target rotation was held constant at 60 rpm. 
Ninety women Ss received 30 trials during each 
of two practice sessions, and each trial lasted 
30 sec, with 60-sec. interpolated rests. 

The response measures were total time on 
target and distribution of time continuously 
on target. The main findings were: (a) Either 
method of varying difficulty of the task pro- 
duced great variations in Day 1 performance, 
with decreases in speed or in target orbit radius 
associated with increased performance. (b) 
The speed variable produced significant dif- 
ferential transfer effects on Day 2 as shown by 
both response measures. The groups which 
practiced at 60 rpm on both days performed 
better than either of the other groups. Prac- 
tice at 40 rpm produced slightly greater transfer 
to 60 rpm than did practice at 80 rpm. (c) 
Variation in the radius of the target orbit did 
not produce significant differential transfer 
effects on Day 2 as measured by time on target. 
However, the group which practiced at the same 
target orbit radius on both days consistently 
scored a greater proportion of long-duration 
hits than either of the other groups on Day 2. 
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EFFECT OF DISTRIBUTION OF PRACTICE ON A 
COMPONENT SKILL OF ROTARY 
PURSUIT TRACKING! 


E. JAMES ARCHER 


University 


Both of two current theories of 
motor learning (1, 5) imply that 
although the Zevel of performance under 
massed practice may be lower than 
that for distributed practice, the 
actual Zevel of learning is the same for 
the two conditions. Such a conclu- 
sion may be drawn from the following 
combination of the two theories. 
Practice of a motor skill results in 
the acquisition of certain positive 
habits but simultaneously with the 
acquisition of these habits there 
develops a negative (suppressing ?) 
attribute called reactive inhibition 
(Ig) which, through an unspecified 
mechanism, results in a temporary 
work decrement (Dwi). If S is 
allowed to rest periodically—e.g., 
between trials—Jp is believed to 
dissipate spontaneously. If, however, 
S is not permitted to rest, it is believed 
that Zp will build up to a critical level 
so that when S does rest he will learn 
a negative habit of not responding. 
This not responding has been called 
conditioned inhibition (sIr) and is 
assumed to be a cause of the relatively 
poor performance of a prerest massed 
practice group after an J. ‘r-dissipating 
rest has been introduced, i.e., perma- 
nent work decrement (Dy). This 
last conclusion is the least acceptable 


1 Most of the data for this study were gathered 
by Lyle E. Bourne, Jr. The study was sup- 
ported by a grant from the Research Committee 
of the Graduate School from funds from the 
Wisconsin Alumni Research Foundation. The 
writer is indebted to the Nunierical Analysis 
Laboratory for its assistance in the data analysis 
and especially to its Project Supervisor, Eugene 
L. Albright. 
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of the several made by these two 
theories. With two inhibitory con- 
structs almost any data can be ex- 
plained since one construct or the 
interaction of the two will pro- 
vide “refuge” when the other is 
inappropriate. 

Whereas the foregoing combined 
theory emphasizes the performance- 
suppressing character of Ip without 
suggesting the mode of this inhibitory 
action, the present paper proposes 
that the mechanism of performance 
suppression is interference with the 
practice of the intended skill. An 
advantage of this latter position is 
that the construct of slr and its 
consequent Dy, can be dispensed 
with thereby making the model more 
parsimonious. 

The results of a previous study (3) 
suggested that since Ss serving under 
massed practice show less time on 
target continuously, a failure to learn, 
or at least perform the component 
skill of moving the stylus in a circle, 
was indicated. Furthermore, when 
these Ss showed improvement follow- 
ing a 5-min. rest, they did so by re- 
maining on target for longer durations 
continuously than they did before 
the rest. It was hypothesized that 
this improvement in performance was 
due to the dissipation of Ir which 
had been interfering with S's practice 
of smooth circular movements. 

The present study was designed to 
measure one of the several component 
skills which is involved in rotary- 
pursuit tracking: moving the tracking 
stylus tip in a circle. "This com- 
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UPPER RING-CONTACT, 
MIDDLE RING-INSULATOR 

MERCURY PUDDLE 
LOWER DISH-CONTACT 


Fic. 1. A schematic diagram of the sensing 
device which detected noncircular movements 
and which was imbedded in the handle of the 
tracking stylus. An exploded view of the spring- 
loaded ball tip is also shown. The dotted lines 
U, L, and S indicate three wires which were con- 
nected to a Jones plug mounted at the end of 
the handle. The wire marked S carried the 
signal from the stylus tip and provided a measure 
of time on target. The circuit between U and L 
would be completed if the mercury puddle made 
contact with the upper ring and the lower dish 
contacts. "This latter signal indicated a circular 
movement, 


ponent skill was selected for study 
because of its probable sensitivity 
to interference and the ease of 
instrumenting its measurement. 

Although it has been known for 
several years (4) that men are supe- 
rior to women on the rotary pursuit 
task, little further research has been 
directed toward analyzing the bases 
of this difference. On the chance 
that one reason for this performance 
difference was a differential ability 
to make smooth circular movements 
as well as being differentially resistant 
to the interference of Jp, an equal 
number of men and women served 
in this experiment thereby permitting 
an analysis of the effect of this 
variable. 


METHOD 


Subjects.—Forty-five men and 45 women 
students in introductory psychology courses at 
the University of Wisconsin served individually 
as Ss. Fifteen Ss of each sex were assigned 
randomly to one of the three distribution-of- 
practice conditions. All were naive to the task. 

Apparatus and task.—The task was provided 
jy a pursuit rotor. The target was a polished 
rass disk of .75-in, diameter, set flush with 
he surface of the turntable. The S tracked the 
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target with a stylus which was hinged so as to 
prevent him from pressing down on the target. 
As in previous studies in this series (2, 3), the 
Tracking-time Analyzer was used. In the pres- 
ent study, however, the clock and the counters 
recorded different response measures. When- 
ever S made contact with the target, the clock 
was activated. This provided the usual measure 
of time on target. 

A refinement which controlled for the possible 
change in size and shape of the stylus tip because 
of wear is shown in Fig. 1. The exploded view 
on the left shows the spring-loaded steel ball 
(1/16th-in. diameter) which was the scoring 
contact of the stylus tip. 

A mercury switch of special design was 
imbedded within the handle of the tracking 
stylus. A cut-away view of this switch and its 
position in the handle is also shown in Fig. 1. 
The three essential parts of the switch are (a) 
an upper ring contact, (b) a lower dish contact, 
and (c) a puddle of mercury. The two contacts 
were } in. apart and insulated from each other. 
Whenever S moved the stylus in a circle the 
resultant centrifugal force caused the mercury 
to move out from the depression in the dish 
contact and complete a circuit with the upper 
ring contact. Each such circuit completion 
closed a relay which in turn interrupted the 
signal to the Tracking-time Analyzer. In this 
manner the Tracking-time Analyzer was used 
to obtain a frequency distribution of durations 
of continuous noncircular movements. 

"The rotor was operated at 80 rpm instead of 
the more customary 60 rpm so as to optimize 
the sensitivity of the mercury switch. Although 
Ss were instructed to hold the stylus handle 
level, they tended to tilt the handle as if to press 
down on the target. If the turntable turned 
at 60 rpm this inclination of the handle was 
sufficient to cause the mercury to break contact 
even though S was still on target and obviously 
making a circular movement. It was found 
that at 80 rpm the centrifugal force was sufficient 
so that such tilting of the stylus handle did not 
affect the recording of noncircular movements. 
The speed of rotation of the rotor was always 
ascertained by an attached stroboscope before 
the start of each experimental session.? 


?This method of recording noncircular re- 
sponses is admittedly somewhat crude. The 
mercury-puddle device provides a rough dichoto- 
mization of movements that are “sort of circu- 
lar” and other movements. This study was 
primarily concerned with the other movements. 
Since S could and did rotate and tilt the handle 
while tracking the target, it was very difficult to 
get a meaningful calibration of the device. 
Because the sensing device was not mounted in 
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In all conditions of practice the turntable 
revolved continuously throughout the session. 
The E timed the length of the trials and gave 
“ready,” “start,” and “stop” signals orally to 
S. The plate circuit of the Tracking-time 
Analyzer was turned on only during the trials, 
thereby preventing the scoring of noncircular 
movements except during a trial. 

The operation of the analyzer was clearly 
audible to S since it was separated from him 
only by a partial wall. The calibration of the 
analyzer was checked at least twice a day to 
correct for changes in line voltage. 

Conditions —All Ss received 21 30-sec. trials 
with either 0-, 30-, or 60-sec. rest between each 
trial. After Trial 21 all Ss had a 10-min. rest, 
which was then followed by nine trials with no 
intertrial rests, During all rest periods S was 
encouraged to read magazines which were on a 
table behind him when he faced the pursuit 
rotor, 'This activity kept Ss from visually 
tracking the target during the rest periods, 


RrsurrTS 
Prerest Performance 


First trial measures—The perform- 
ances of the six groups on the first 
trial were compared in terms of four 
different response measures: time on 
target, time of noncircular move- 
ments, frequency of noncircular move- 
ments, and frequency distribution of 
noncircular movement durations. For 
none of these measures was the 
intertrial rest interval statistically 
significant (since none of the Ss had 
had a rest, any differences on this 
variable could only be due to chance). 
For all measures except time on 
target there was a sex difference on 
the first trial. Men spent less time 
making noncircular movements than 
women, 3.30 sec. vs. 5.58 sec. 


(F = 13.18, 1 and 84 df, P < 001). 


gimbals, the orientation of the handle in other 
than the horizontal plane adversely affected 
the sensitivity of the device. Although it would 
have provided a more direct method of recording 
the noncircular responses, à motion picture 
recording system was not used because of the 
difficulty of quantitative evaluation of such 
records. 
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Men made fewer noncircular move- 
ments than women, 34.02 vs. 44.06, 
(F — 6.28, 1 and 84 df, P « .025). 
Furthermore, men made fewer long- 
duration and more short-duration 
noncircular movements (x* — 50.81, 
6 df, P « .001). 

Time on target—lhe mean per- 
centage of time on target for each of 
the six groups for all 30 trials is 
shown in the lower half of Fig. 2. A 
summary of an extended trend analy- 
sis of variance is presented in Table 1. 
The assumption of homogeneity of 
variance was met after applying a 
modified logarithmic transformation ; 
2 + log (TOT + .01). 

This trend analysis indicates that 
although the sexes differ in terms 
of mean time on target (Line 1), 
neither their slopes (Line 5) nor 
change in slopes (Line 9) differ 
significantly. On the other hand, 
the means (Line 2), slopes (Line 6), 
and change in slopes (Line 10) in- 
crease as the intertrial rest interval 
is increased. 

Frequency of noncircular movements.— 
As expected, the frequency of non- 
circular movements was inversely 
related to the duration of the inter- 
trial rest interval: 31.85, 22.27, and 
19.33 for 0-, 30-, and 60-sec. rest, 
respectively (F — 11.52, P < .01 for 
2 and 84 df). Furthermore, men 
made fewer noncircular responses 
than women, 21.16 vs. 27.80 
(F = 8464, P < O01, for 1 and 84 df). 
Finally, during practice the fre- 
quency of noncircular movements 
decreased at a negatively accelerated 
rate from an average of 39.04 on 
the first trial to 21.44 on the last. 
Also the frequency distribution of 
these noncircular movements changed 
from near normal on the first trial 
to markedly skewed later in practice. 

Table 2 presents the frequency 
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Fic.2. The mean percentage of response time for both noncircular movement and time on 
target is shown as a function of the three intertrial rest intervals and the two sexes. 


distributions for some of the prerest 
and all of the postrest trials. The 
prerest data (Trials 1-21) give but 
a crude estimate of the changes since 
the distributions for different sexes 
and practice schedules have been 


combined to obtain more stable 
values. 'The general effect of prac- 
tice is evident, however. The num- 
ber of Ss making many noncircular 
movements decreases and the number 
making few such movements increases. 


TABLE 1 


SUMMARY or EXTENDED TREND Anatysis or VARIANCE OF PREREST Time 
on Tarcer Scores; 2 + Loc (TOT + .01) 


Line Source af MS Error F 
1 Between sex means 1 | 27.973 4 12.595** 
2 Between rest means 2 | 63.812 4 28.731** 
3 Between sex X rest means 2 0.441 4 
4 Between individual means 84 2221| 17 20.009** 
Si Between sex slopes 1 0.482 8 1.377 
6 Between rest slopes 2 6.858 8 19.594** 
7 Between sex X rest slopes 2 0.322 8 
8 Between individual slopes 84 0.350| 17 3.153** 
9 Between sex quadratics 1 0.665| 12 2.854 
10 Between rest quadratics 2 2442| 12 10.481** 
11 Between sex X rest quadratics 2 0.178| 12 
12 Between individual quadratics 84 0.233| 17 2.099** 
13 Between groups residual 90 1.061] 17 9.559% 
14 Over-all slope 1 | 122.628 8 350.366** 
15 Over-all quadratic 1 7.886| 12 31.700** 
16 Over-all residual 18 0.292] 17 2.631* 
17 Between individual residual 1512 0.111 
18 "Total 1889 
*P «.01 
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TABLE 2 


Noumser or Ss Havixc DIFFERENT Frequencies or NONCIRCULAR 
Movements For VARIOUS TRIALS 


Number of Noncircular Movements 
Trial A 
0-9 | 10-19 | 20-29 | 30-39 | 40-49 | so-so | 60-69 | 70-79 | 80-89 CERTO 
Peri 
6 8 18 19 15 10 8 1 Es 
5 14 | 20 | 16 | 22 | 41 5 2 dps mr 
9 21 21 19 17 7 $ —.89 
13 16 31 18 16 7 2 —.53 
17 22 26 16 18 5 3 —.56 
21 21 24 20 17 5 2 1 —44 
Postrest 
22 43 25 10 8 4 —.18 
23 36 25 15 7 6 1 —.16 
24 31 26 16 9 4 4 —.26 
25 29 26 18 12 5 —.18 
26 23 33 15 12 6 1 —.25 
27 25 25 20 13 5 2 —.27 
28 24 27 14 20 3 2 72.29 
29 22 20 21 17 8 1 1 —.34 
30 28 21 13 17 7 1 2 1 =.31 
Time of noncircular movement— Because none of the between-group 


The mean percentage of time of non- terms beyond the linear component 
circular movement for each of the six was significant, the table has been 
groups is also shown in Fig. 2. A condensed to save space. As in the 
modified logarithmic transformation time-on-target trend analysis of vari- 
was applied before these scores were ance there was a significant sex dif- 
subjected to an extended trend analy- ference; men spent less time making 
sis of variance. A summary of this noncircular movements than did wo- 
analysis is presented in Table 3. men (Line 1). Furthermore, amount 


TABLE 3 


Summary or ExTENDED TREND ANALYSIS OF VARIANCE or Prerest TIME 
or Noncrrcutar Movements; 2 + Loc (TNR + .01) 


Line Source df MS Error F 
1 Between sex means 1 | 25.686 4 TANAY | 
2 Beteetn m means 2 | 24.296 4 11.466* 
3 Between sex X rest means 2 | 2476 4 1,168 
4 Between individual means 84 | 2119] 12 36.534 
5 Between sex slopes 1 | 0525 8 de 
6 Between rest slopes 2.| 2,664 8 9.31. 
7 Between sex X rest slopes 2 | 0487 8 1.703. 
8 Between individual slopes 84 | 0.286 12 E 
9 Between group residual 95 0.062 32: het ATI 9. 
10 Over-all slope 1 | 29.026 8 101.490% 
11 Over-all residual 19 0.478 12 8,241 
12 Between individual residual 1596 | 0.058 
13 "Total 1889 


*P «001. 
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Fic. 3. Mean duration of continuous noncircular movement in seconds for all 
distribution-sex combinations for all 30 trials. 


of noncircular movement time was 
inversely related to the intertrial rest 
interval (Line 2). Of particular in- 
terest is the observation that with 
practice the amount of time spent in 
noncircular movement decreases more 
rapidly and attains a lower asymptote 
as the intertrial rest interval increases 
(Line 6). 

Derived noncircular movement meas- 
ures—The mean duration of non- 
circular movement was computed for 
each S for each trial. These values 
were determined by dividing the 
total time of noncircular movement 
per trial by the number of such 
movements. The results, which are 
presented in Fig. 3, indicate that 
the effect of distribution of practice 
and sex difference which was shown 
in the upper part of Fig. 2 was not 
simply due to the increased frequency 
of noncircular movements. Not only 
do women make more noncircular 
movements than men, but the aver- 
age duration of each movement is 
longer (for all prerest trials, F = 
21.068, 1 and 84 df, P «.001) A 


similar conclusion may be drawn 
from the effect of distribution of 
practice: not only does decreasing 
the intertrial rest interval increase 
the frequency of noncircular move- 
ments but it also increases the 
average duration of the noncircular 
movement response (for all prerest 
trials, F — 8.172, 2 and 84 df, 
P < .001). Furthermore, the rate of 
improvement with practice for women 
is probably greater than that for men 
(between-sexes linear term was sig- 
nificant, F = 4.685, 1 and 84 df, 
P < .05). None of the other be- 
tween-groups terms was significant. 
In order to test for a resting re- 
sponse (6) the longest duration of 
continuous noncircular movement was 
determined for each S for each trial. 
As with each of the previous measures 
a modified log transformation was 
applied to eliminate heterogeneity 
of variance before performing an 
extended trend analysis of variance. 
Except for individual and over-all 
significant deviations, only the be- 
tween-sex means and between-rest- 
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interval means were significant sources 
of variation (F — 15.696, 1 and 84 df, 
and F — 11.020, 2 and 84 df, respec- 
tively). None of the higher order 
terms was significant. The absence 
of a significant between-slopes term 
argues against the hypothesis that 
Ss, under massed practice, will learn 
the habit of not responding—i.e., 
conditioned inhibition. 


Postrest Performance 


Time on target.—As expected, the 
greatest increase in performance fol- 
lowing the rest occurred in the prerest 
group which had had a O-sec. inter- 
trial rest. The smallest increase was 
for the 30-sec. prerest group. The 
group which had had a prerest 60-sec. 
intertrial interval showed a decrease 
in performance after the rest. These 
differences were significant beyond 
the .05 level (F — 4.092, 2 and 84 df). 
Sex of S did not differentially affect 
the amount of recovery from Jr. 

Not only did the prerest practice 
conditions affect the amount of change 
in performance to the first postrest 
trial, it also affected the level of this 
performance. As may be seen from 
the postrest performance curves in 
the lower half of Fig. 2, the level of 
performance on the first postrest trial 
was directly related to the duration 
of the prerest intertrial rest interval. 
These differences were significant 
beyond the .001 level (F = 9.817, 2 
and 84 df), and are usually taken as an 
index of slp. The performance of 
the two sexes was probably still dif- 
ferent also (F — 4.665, 1 and 84 df, 
P « .05). 

The log transformations of post- 
rest time-on-target scores Were ana- 
lyzed with an extended trend analysis 
of variance. Only two sources of 
variance were significant: between 
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means and between slopes for the 
different intertrial rest intervals 
(F — 6.896, 2 and 84 df, P « .001) 
and (F = 3.653, 1 and 84 df, P < .05), 
respectively. These results indicate 
that the apparent convergence of the 
postrest performance curves shown 
in the lower half of Fig. 2 was sig- 
nificant and that over all of the 
postrest trials the level of performance 
was proportionate to the prerest 
degree of distributed practice. 

Frequency of noncircular movements.— 
As expected, the frequency of non- 
circular responses decreased as an 
inverse function of the prerest inter- 
trial rest interval (F = 8.411, P < .01 
for 2 and 84 df) from the last prerest- 
trial to the first postrest trial. This 
reduction was unrelated to the sex 
of S. Although the prerest practice 
condition affected the magnitude of 
decrease in frequency of noncircular 
movements, it did not affect the 
final level of responding. Under com- 
parable conditions (massed practice 
for all groups) the frequency of non- 
circular movement was unrelated to 
prerest intertrial conditions. 

The effect of massed practice (the 
uniform postrest condition) is evident 
from the lower half of Table 2 (Trials 
22-30). As practice continues, and 
In presumably accumulates, the num- 
ber of noncircular movements 1n- 
creases as well as the interindividual 
variation. 

Derived noncircular movement meas- 
ures—The total time of noncircu- 
lar movement was unrelated to the 
prerest conditions. The sex differ- 
ence remained, however (F = 7.576, 
P < 01 for 1 and 84 df). 

In summary, except for this sex 
difference none of the prerest effects 
was significant in the analyses of 
postrest scores. Men made fewer 
noncircular responses which were on 
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TABLE 4 


IwTERCORRELATIONS OF Measures or NoNcitRcULAR MOVEMENTS 
(ExcEPT FREQUENCY) AND TIME on TARGET 


Prerest (V = 1890) 


Postrest (V = 810) 


Variable 


Mean Longest 


Mean Longest 


Time, 


Time, T - T 
3 Duration | Duration Duration | Duration 
Non- Non- 
Non- Non- n Non- Non- 
circular | circular | circular | cicular | circular | circular 
Time on target —44 —.36 —.24 —.28 =.25 124 
Time, noncircular 77 .57 75 72 
Mean duration, noncircular 78 78 
the average of shorter duration and, Discussion 


over all, the time of noncircular 
movement was less for men. Further- 
more the mean longest duration of 
noncircular movement was also less 
for men. 


Correlations of Measures 


Although the measures of fre- 
quency and duration of noncircular 
movements became increasingly more 
skewed with practice (see Table 2), 
it was of some interest to know of the 
correlations of these measures and the 

usual performance measure of time 
on target. The intercorrelations for 
all of these measures, except fre- 
quency of noncircular movements, 
were determined for each group for 
each trial both pre- and postrest. 
The only detectable trends as a 
function of practice were (a) a marked 
drop in the correlations immediately 
after the 10-min. rest and (b) a 
gradual increase in the correlations 
during the postrest trials as shown 
in the last column of Table 2. The 
over-all pre- and postrest correlations 
between frequency of noncircular 
movements and time on target were 
—.48 and —.25, respectively. The 
other intercorrelations for the less 
severely skewed measures are pre- 
sented in Table 4. 


The results of the present study lend 
considerable support to the following 
expansion of a miniature behavioral 
system. During and because of the 
practice of a motor skill certain negative 
factors (Zp) accumulate. If rests of 
sufficient frequency and duration are 
interpolated between practice sessions, 
these negative factors will dissipate 
without affecting the level of perform- 
ance. If, however, the rests are of 
insufficient duration, the negative factors 
will accumulate to a sufficient level to 
cause an involuntary tremor of the 
effector system practicing the skill. In 
a perceptual-motor skill such as used 
in this study, the effect of these tremors 
produced and were recorded as a failure 
to make circular movements. 

Since the acquisition of the rotary 
pursuit skill requires the learning of the 
circular movement response, it would 
be expected that the rate of such learning 
would be affected by the length of the 
intertrial rest interval. As the inter- 
trial rest interval decreases, the op- 
portunity for the accumulation of Jr 
increases and its observable effect— 
tremor-produced noncircular movements 
— increases. Whereas the /earning of the 
rotary pursuit skill decreases the fre- 
quency and duration of noncircular 
movements, the massing of practice 
operates as a counter effect; hence 
different rates of learning. That this 
did happen is evident from the significant 
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between-rest interval slopes term in 
Table 3 and from Fig. 2. 

Furthermore, we would expect that 
one effect of a long interpolated rest 
for all groups would be to markedly 
reduce the frequency and total duration 
of noncircular movements since, with 
rest, the negative factor which produced 
the tremors, which in turn produced 
noncircular responses, will spontaneously 
dissipate. This also was observed in the 
present study. 

Finally, when practice is resumed there 
is no reason to expect that the groups 
which had had differing prerest intertrial 
rests will perform equally well. The 
failure to perform equally well has 
previously been regarded as evidence 
for conditioned inhibition or permanent 
work decrement by some writers (1, 5). 
However, when the practice-interfering 
effect of the tremor response is con- 
sidered, it would be more remarkable 
if the groups did mot differ on the first 
postrest practice trial. After all, they 
have not had an equal opportunity to 
practice, e.g., a smooth circular move- 
ment and a tremor are incompatible. 
In the present study, the level of per- 
formance (as measured by time on 
target) on the first postrest trial was 
significantly affected by the prerest 
intertrial interval; the level was pro- 
portional to the intertrial rest interval. 
Since the amount of interference with 
the practice of the rotary pursuit skill 
was inversely related to the intertrial 
rest interval, it is proposed that the 
concepts of sIr and Dy, are no longer 
necessary since differential practice is a 
more parsimonious explanation. Also, 
irrespective of the prerest intertrial 
conditions, the frequency and total 
duration of noncircular movements 1n- 
creased when the postrest practice was 
massed. In short, the degree to which 
Ig interferes with the practice of a skill 
appears to be a simple inverse function 
of the distribution of that practice. 

At least a partial explanation of the 
time-on-target differences which are ob- 
served for the two sexes can be found in 
the present study. For naive Ss, men 
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make fewer noncircular responses and, 
on the average, these are of shorter 
duration than comparable measures for 
women. Although both sexes learn to 
reduce the frequency and duration of 
these inappropriate tracking responses, 
men are still superior in this component 
skill. Neither sex, however, was better 
at resisting the effects of massing of 
practice. 


SuMMARY 


In a rotary pursuit experiment, the frequency 
and duration of noncircular movements was 
measured as a function of intertrial rest interval 
and sex of the S. As expected, the frequency 
and duration of noncircular movements was 
inversely related to intertrial interval. Also, 
men made fewer such movements and they were 
shorter than for women. With practice the 
number and duration of noncircular movements 
decreased. Furthermore, the rate of decrease 
was directly related to the intertrial interval. 

After a 10-min. rest the frequency and dura- 
tion of noncircular movements decreased as an 
inverse function of the prerest intertrial rest 
interval. 'The prerest interval did not affect 
the frequency and duration of noncircular 
movements although it did directly affect the 
duration of time on target. 

"The following hypotheses were proposed; (a) 
The reactive inhibition (Zr), which develops 
during and because of practice of a motor skill, 
will produce tremors. These involuntary reac- 
tions prevented S from making smooth circular 
movements. (b) Performance, as measured by 
time on target, is poorer as the intertrial rest 
interval is decreased because the tremors inter- 
fere with the practice of the rotary pursuit skill. 
(c) Because of this interference, the skill' is 
learned to a lower degree and this differential 
practice is a simpler explanation of the apparent 
permanent work decrement than is the concept 
of conditioned inhibition. 
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EFFECT OF STIMULI TIME RELATIONS DURING 
PRECONDITIONING TRAINING UPON THE 
MAGNITUDE OF SENSORY 
PRECONDITIONING! 


DONALD R. HOFFELD,? RICHARD F, THOMPSON, Au» W. J. BROGDEN 
University of Wisconsin 


Since the report of the initial study 
of sensory preconditioning by Brog- 
den (1), studies have been reported 
that confirm the phenomenon (2, 5, 
9), but those that have attempted 
to show variation in the magnitude 
of sensory preconditioning as a func- 
tion of several independent variables 
have been unsuccessful (5). The 
lack of success may be due to the 
fact that these studies were conducted 
with human beings as Ss. It appears 
then that experimental studies with 
animals may be more productive in 
identifying variables that affect the 
magnitude and occurrence of sensory 
preconditioning phenomena. 

The present study was designed to 
investigate the relation between the 
time of onset and duration of the 
stimuli involved in preconditioning 
training upon the magnitude of sen- 
sory preconditioning in cats. Since 
Wolfle (12), Kappauf and Schlosberg 
(8), and Spooner and Kellogg (11) 
have reported variation in amount 
of conditioning as a function of the 
time relations of the CS and UCS 
during training, the magnitude of 
sensory preconditioning should be a 
function of the time relations of the 
stimuli involved during precondition- 
ing. If the one of these two stimuli 
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to be made a CS later by avoidance 
training is designated the UCS during 
preconditioning, then the other (the 
one involved in the critical test 
following both preconditioning and 
avoidance conditioning training) may 
be designated the CS. This frame- 
work then provides the opportunity 
to vary the time relations of the CS 
and UCS during preconditioning 
training. Silver and Meyer (10) com- 
pared the relative effectiveness of 
backward, simultaneous, and for- 
ward time relations during precondi- 
tioning upon sensory preconditioning 
measured by transfer conditioning 
training. They obtained evidence 
of a greater amount of sensory pre- 
conditioning for the forward precondi- 
tioning than for backward and simul- 
taneous preconditioning. There was 
no difference between backward and 
simultaneous preconditioning. The 
present study is concerned with the 
effect of the magnitude of precedence 
of the CS over the UCS (as defined 
above) during preconditioning upon 
the magnitude of sensory precondi- 
tioning. It was designed to test 
the hypothesis that the magnitude 
of sensory preconditioning will in- 
crease with an increase in precedence 
of the CS over the UCS from zero 
up to an optimum value and there- 
after decline with further increase 
in the precedence of CS over UCS. 


PROCEDURE 


The experiment was conducted in a sound- 
insulated, light-shielded room. The condition- 
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ing apparatus was the rotating cage of Brogden 
and Culler (4). The sensory conditioning 
stimuli were a tone and a light. The tone was 
1000 cycles in frequency and was 60 db above 
.0002 dyne/em.? The sound source was a 
loudspeaker in the experimental room located 
in a corner 1 ft. in front of the rotator. The 
light stimulus was provided by the illumination 
of two 100-w. light bulbs. The light bulbs were 
hung from the ceiling so that one bulb was 4 in. 
in front of the cage and the other bulb was 4 in. 
from the back of the cage. Thus, when the 
light stimulus was presented, S always faced an 
illuminated bulb. The Æ made his observations 
through a one-way glass in the wall of the 
experimental room. Apparatus for the pro- 
duction of the stimuli and their time control 
was located outside of the experimental room. 
Tone and light durations were controlled by 
Tektronic Model 162-A wave form generators. 
The tone was fed to an electronic switch with 
a rise-fall time of 50 msec. Electric shock was 
produced by an electronic stimulator that 
automatically maintained a constant current. 
During avoidance training the intensity of the 
shock was adjusted by E to the minimum neces- 
sary to provide a minimum cage-turning UCR. 
The duration of shock was .1 sec. and it occurred 
at the end of the light CS. 

"The 24 cats of the experiment were assigned 
at random so that for each of the five experi- 
mental and one control groups was four, Two 
E's tested Ss so that each S was conditioned 
and tested by a single E but E was not orthogo- 
nal in the experimental design. The daily 
experimental session involved 20 trials of the 
appropriate condition. For each group there 
were four procedures: (a) 10 test periods of 
preconditioning training; (P) instrumental avoid- 
ance training with a 2-sec. light CS and .1-sec. 
shock UCS until the conditioning criterion of 
90% CR (18 or more cage-turning shock-avoid- 
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ing CR’s for the 20 trials was reached) ; (c) tests 
for sensory preconditioning by presenting a 
2-sec. tone CS until frequency of CR in a given 
test period was 10% or less; (d) extinction of the 
CR to the light CS until the criterion of 10% 
or less CR in a given test period was reached. 
During preconditioning training the light was 
always of 2-sec, duration. Preconditioning for 
the experimental groups involved pairing of 
tone (CS) and light (UCS). The tone always 
terminated when the light terminated but it 
preceded the onset of the light by 0 sec. (Ei), 
+5 sec. (Ex), 1.2 sec. (Es), 2 sec. (E4), and 4 sec. 
(Es). Thus the duration of the tone for the 
five experimental groups respectively was 2, 
2.5, 3.2, 4, and 6sec. The Ss were quiet during 
preconditioning training. Since no cage-turning 
response occurred to any presentation of the 
preconditioning stimuli, this requirement of the 
sensory preconditioning paradigm (1) was met. 
The Ss of the control group (C) were placed in 
the rotator for 10 min. on each of the 10 days of 
pretraining, but received no stimulation of tone 
orlight. The conditions of the remaining three 
procedures were the same for all groups. Dur- 
ing instrumental avoidance training a CR was 
defined as a cage-turning response that occurred 
before the termination of the CS. The occur- 
rence of a CR provided for avoidance of the 
electric shock UCS. This same criterion of 
response was maintained for the third and fourth 
procedures except that no shock was involved. 
"The intertrial interval for all procedures varied 
between 15 and 30 sec. 


Rrsurrs 


The data on acquisition of the 
conditioned cage-turning response to 
the light CS was examined first to 
determine whether or not there were 


TABLE 1 


Rzsurrs or PosrresT Triats or Tone 


Group 
S 
c E Es E Es 

1 0 (1) 6 (2) 4 (2) 7 (2) 15 (3) 

2 0 d $0 2 (0 4 (2) 10 (3) 

3 0 (1) 2 i 4 ir 7 (2) 6 I 

4 om 2 (1) 1 (1) 4 (2) 7 (2) 
Mean Responses 0.00 3.25 2.75 5.50 9.50 
Mean Test Periods 1.00 1.50 1.50 2.00 2.50 


Note.—The first number in each cell is the frequency of response to the tone. 
is the number of test periods required to meet the extinction criterion of two or less 


The second number in parentheses 
responses in one test period. 
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differences between the groups that 
might affect the measures of sensory 
conditioning. An analysis of vari- 
ance of the number of trials to reach 
the acquisition criterion was per- 
formed and no significant differences 
between groups were obtained. If 
there is no evidence that precondi- 
tioning has a differential effect upon 
acquisition of the cage-turning CR 
to the light CS, there can be no 
differential effect of acquisition train- 
ing upon the measures of sensory 
preconditioning. 

'The test for cross modal stimulus 
generalization provided by the fre- 
quency of response to the trials of 
tone alone is the standard measure 
for sensory preconditioning. Since 
these tests involve extinction of the 
generalized CR to the tone, any 
differences in amount of cross modal 
generalization might be reflected also 
as extinction transfer effects to the 
extinction of the CR to the light CS. 
Examination of the frequency of CR, 
the number of trials and the number 
of test periods to the extinction 
criterion of 10% or less for the CR 
to the light CS showed no apparent 
differences. Analyses of variance of 
these data produce in each case an 
insignificant F ratio of the between- 
and within-group variances. Fre- 
quency of response to the tone in the 
test periods immediately following 
acquisition, however, is different for 
the control and experimental groups, 
and there appear to be differences 
between the experimental groups. 

Table 1 presents the frequency of 
response for each S in each group 
and the number of test periods 
required to meet the extinction cri- 
terion of two or less responses in one 
test period. The group means of 
these two measures are given also. 
Since none of the Ss in the control 
group gave any response to the tone 


TABLE 2 


ANALYSIS or VARIANCE OF RESPONSES TO 
Tone BY EXPERIMENTAL GROUPS 


Between Groups 4 
Linear i 
Quadratic 1 5,60* 
Cubic 1 0.33 
Quartic 1 0:42 
Within Groups 15 


*P =.05. 


and all Ss in the experimental group 
gave some responses to the tone, 
there is clear evidence of sensory 
preconditioning* ^ An analysis of | 
variance of these data provides a | 
significant F ratio and supports this 
conclusion. The increase in magni- 
tude of sensory preconditioning par- 
ticularly at the greater durations of 
tone during preconditioning training 
for Groups E4 and Es was examined 
further by an analysis of variance of 
the frequency of response to tone 
during the critical test for the experi-' 
mental groups only. The results of 
this analysis are given in Table 2. 
The orthogonal polynomial analy- 
sis of variance (7) provides not only 
for an F test of the between-groups 
and within-groups variances but also 
provides a test of the fit of linear, 
quadratic, cubic and quartic functions 


4The intended design of the experiment 
included a second control group for noncontiguous 
presentation of tone and light. This group 
should have been given pretraining trials of the 
tone alone, but through an error was given 
pretraining trials of the light alone. One of 
the four Ss of this group gave two responses 
to the tone alone following conditioning of the | 
cage-turning response to the light. The others | 
gave no responses. There are no significant 
differences between this group and the standard 
control group and there are significant differ- 
ences between this group and all the experimental 
groups. The failure to find any effect from 
control groups for noncontiguous presentation 
of the preconditioning stimuli (2, 5, 10) makes 
this control procedure unnecessary. 


¥=4,9+14x 
Y2333«140X«079x? 


Sax ox Ox 1x 2x 

E CLUES 1 2 4 
$ PRECEDENCE IN SECONDS OF TONE OVER 
LIGHT DURING PRECONDITIONING TRAINING 


Fic. 1. Relation between magnitude of 
ff sensory preconditioning and precedence of tone 
| over light during preconditioning. 


[that a quadratic function provides the 
best fit for these data. 


‘The results of this test show that the 
mean of 9.5 responses for Group Eş 
lis significantly different from the 
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means for each of the other groups 
and that there are no other significant 
differences between means. 


Discussion 


The present data confirm the phenom- 
enon of sensory Preconditioning in an- 
other species of animal with another 
type of response and establish a differ- 
ence in the magnitude of sensory pre- 
conditioning as a function of the time 
relations between the stimuli during 
Preconditioning training. In dealing 
with the latter result it appears to be 
unwise to go beyond the results obtained 
with the Duncan Range Test. This test 
establishes a significantly greater amount 
of sensory preconditioning for Group E; 
(precedence of tone over the light by 
4 sec. during preconditioning) than that 
for any of the other experimental groups 
where the precedence of tone over light 
was less. Neither the linear nor the 
quadratic equations obtained from the 
orthogonal polynomial analysis of the 
data appear entirely reasonable. Both 
of these functions suggest that with 
preconditioning in which the precedence 
of tone over light is greater than 4 sec. 
the magnitude of sensory preconditioning 
will increase, 

here must, however, be a limit to 
this further increase in magnitude of 
Sensory preconditioning since at some 
value of precedence of the tone over 
light, conditions for the formation of a 
delayed CR will be produced, and the 
conditions for delayed conditioning train- 
ing are relatively inefficient in the 
amount of conditioning per unit of 
training (3), On the other hand, it is 
Possible that the phenomenon of sensory 
Preconditioning js sufficiently different 
from standard Conditioning that the 
Same relations between magnitude of 
conditioning and time relations between 
the stimuli do not hold. If one con- 
Siders what might be expected for time 
relations during Pretraining in which 
the lighe UCS Precedes the tone CS, 
i.e., backward conditioning training, the 
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linear function appears to be more 
reasonable than the quadratic function. 
In view of the results obtained by Wolfle 
(12) and Spooner and Kellogg (11), 
one would expect a further decline to 
zero in the magnitude of sensory pre- 
conditioning as the precedence of the 
light UCS over the tone CS is increased. 
Again it may be argued, however, that 
the phenomenon of sensory precondition- 
ing is sufficiently different from the 
standard conditioning so that this rela- 
tionship might not hold. The failure of 
Silver and Meyer (10) to find any differ- 
ence in amount of sensory precondition- 
ing between backward and simultaneous 
pretraining supports this view. 

In any case, the results of the present 
experiment support without question 
the conclusion that the magnitude of 
sensory preconditioning for the condi- 
tions of Group E; is greater than for the 
conditions of the other four experi- 
mental groups. Whether there is a 
continuous function of the magnitude 
of sensory preconditioning and the time 
relations of the stimuli involved in 
preconditioning training will require 
experimental study involving greater 
degrees of precedence than those of the 
present experiment and also variation 
in the time relations of the backward 
conditioning variety. 


SuMMARY 


The experiment was designed to investigate 
the relation between the time of onset and dura- 
tion of the stimuli involved in preconditioning 
and the magnitude of sensory preconditioning. 
During the 200 trials of preconditioning the 
light (UCS) was 2 sec. in duration and termi- 
nated at the same time as the tone (CS). For 
the five experimental groups, the onset of the 
tone preceded the onset of the light by O sec. 
(E), .5 sec. (Ex), 1.2 sec. (Es), 2 sec. (E,), and 
4 sec. (Ej). The cats of the control group for 
cross modal sensory generalization were placed 
in the rotator for 10 min. a day for 10 days as a 
control on preconditioning, training. All groups 
received avoidance training until the criterion 
of 18 or more shock-avoiding cage-turning 
CR's to the light CS in one test period was 
reached. Twenty trials of the tone alone were 
given in daily test periods until the frequency of 
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CR was two or less. Finally, extinction trials 
of 20 daily presentations of the light were given 
until frequency of CR was two or less. 

Analysis of variance showed no significant 
differences between groups in speed of acquisi- 
tion or in any measures of extinction to the light. 
Significant differences were obtained for fre- 
quency of response to the tone. There were no 
responses to the tone by Ss of the control group. 
Some response to the tone was made by every 
one of the experimental Ss. An orthogonal 
polynomial analysis of variance showed signifi- 
cant differences between the experimental 
groups with significant linear and. quadratic 
components in the relation between magnitude 
of sensory preconditioning and the degree of 
precedence of tone over light during pretraining. 
The Duncan Range Test, however, showed only 
that the mean for Group E; was significantly 
greater than the means of all other groups. 
Although there is clear evidence that amount of 
sensory preconditioning varies as a function 
of the time relations of stimuli involved during 
preconditioning, the results of the present experi- 
ment do not establish a precise, continuous 
function. The suggestion is made that the 
effect of time relations during preconditioning 
may affect sensory preconditioning in different 
ways than do time relations of the CS and UCS 
during standard conditioning. 
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A COMPARISON OF CORRECTION AND MODIFIED 
CORRECTION PROCEDURES ON THE 
ACQUISITION OF A 12-UNIT 
VERBAL MAZE} 


RICHARD F, THOMPSON 


University of Wisconsin 


The experiment presented in this 
paper compares the effects of two 
learning procedures on the acquisi- 
tion of a verbal maze. In previous 
studies by Brogden and Schmidt 
(1, 2) on this type of maze the cor- 
rection procedure was employed, a 
necessary result of maintaining the 
analogy with spatial maze situations. 
In the verbal maze, S is allowed to 
make only a limited number of 
responses, the responses being the 
alternate choices per maze unit. 

The terms “correction” and *modi- 
fied correction” refer to treatment 
of S in a learning situation, Under 
the former procedure, S must respond 
until the correct response is dis- 
covered. Under the modified cor- 
rection procedure, more typically 
employed in serial verbal learning, S 
responds only once and is then pre- 
sented with the correct response 
which he may or may not be required 
to repeat. It will be noted that the 
number of correct responses presented 
to S in a given number of trials is the 
same under both procedures, the 
differences lying in the greater num- 
ber of responses required from S 
in correction learning. 

Under the correction procedure, 
when number of alternate choices 
per choice point is increased (1, 2), 
amount of discovery required for 

lSupported in part by a grant from the 
Research Committee from funds provided by the 
Wisconsin Alumni Research Foundation 
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a given amount of information in- 
creases, and difficulty of acquisition 
as measured by time and errors also 
increases, It might be expected, 
then, that an increase in number of 
alternate choices would result in 
a disproportionate increase in diffi- 
culty in the correction procedure, 
relative to the increase in difficulty 
in the modified correction procedure, 
where increase in number of alternate 
choices does not change the amount 
of discovery required. 


PROCEDURE 


Five mazes were used, each 12 
units in length, with 2, 3, 4, 5, or 6 
alternate choices per maze unit. 
Each unit of Maze 1, the 2-choice 
maze, included a choice of right (R) 
or left (L). In Maze 2, the three 
choices were right, left, and up (U). 
For Maze 3, the choices were right, 
left, up, and down (D). The Maze 4 
pattern included right, left, up, down, 
and right-up (RU). Finally, in Maze 
5, the six choices were right, left, up, 
down, right-up, and left-up (LU). 
The correct patterns for the mazes 
have been presented elsewhere (8). 

In the previous studies (1, 2), the 
pattern of correct choices for each 
maze was chosen from a table of 
random numbers, the only restriction 
being that an equal number of each 
kind of choice be used, except where 
impossible (e.g, 6-choice, 16-unit 
maze) However, when using tables 
of random numbers, it sometimes 
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happens that different patterns chosen 
are unequal in relative difficulty. 
Hence, in the present study the 
following additional criteria were em- 
ployed: (a) One symbol appears no 
more than twice in succession; (b) 
in Mazes 2-5, a doublet cannot ap- 
pear in immediate conjunction with 
another such doublet; (c) in Mazes 
2-5, no doublet is allowed to appear 
more than twice; (d) in Mazes 2-5, 
no doublet is allowed to follow itself 
immediately; and (e) in Mazes 2, 4, 
and 5, “up” and combinations with 
"up" rather than “down” and com- 
binations with “down” are used. 
In previous studies, in patterns where 
one or the other could be used, no 
significant differences were found be- 
tween patterns containing “up” and 
combinations with “up” and identical 
patterns substituting “down” and 
combinations with “down.” 

The patterns were presented to Ss 
on a memory drum. The Ss viewed 
the words of the patterns through a 
slot in a large fiberboard screen 
separating S and E. The correct 
response was presented to S for 2 sec., 
but no fixed response time interval 
was required under either procedure. 
The lists were presented, in the man- 
ner indicated in the instructions 
given below, with a 30-sec. interval 
between presentations. 

When S was seated in front of the 
screen, E read the instructions, hand- 
ing S a small card on which the 
choices used in the pattern were 
printed. The words on the cards 
were pointed out to S as they occurred 
in the instructions. The Ss of the 
2-choice correction group were told 
they were to learn a series of words, 
the words being the directions "right" 
and "left." When signaled to start 
they were to name the directions, 
and when the correct direction was 
named it would appear on the memory 
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drum in front of them. Directions 
were then to be named again until 
the second correct direction was 
named, whereupon it would appear, 
and so on throughout the list. The 
list was to be repeated until one error- 
less trial was completed. The in- 
structions for the remaining correc- 
tion groups differed only in terms of 
number and kinds of choices. For 
the modified correction groups, the 
instructions differed in that S was 
permitted to name only one direction, 
after which the correct direction 
would appear on the drum. The 
instructions were otherwise compar- 
able. 

One hundred Ss, all volunteers from 
elementary classes in psychology a: 
the University of Wisconsin, served 
in the experiment. None of them 
had had previous experieace in this 
situation. Of the 100, 64 were wo- 
men and 36 were men. The Ss were 
assigned at random to each cell 
of the 2 X 5 factorial design em- 
ployed. All Ss learned to a criterion 
of one perfect trial. 


RrsurTS 


There are three possible scores, 
trials, errors, or time to the criterion, 
to employ in measuring acquisition. 
The error scores may be of two types: 
total errors and total first errors. 
The total first errors measure is used 
to compare the two procedures on the 
number of first errors per number of 
stimulus presentations. It includes 
all errors made under the noncor- 
rection procedure, but only a part of 
the errors made under the correction 
procedure. For the purpose of com- 
paring the two procedures, all these 
scores may be considered appropriate 
measures. 

Satisfactory comparisons of acqui- 
sition rates for the various mazes, in 
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correction learning, may be made, as 
Brogden and Schmidt have pointed 
out (2), only in terms of time or 
error scores. Thus trials to the 
criterion are inadequate since suc- 
cessive trials are unequal in time 
and in terms of total number and 
kind of errors. 

Analyses of variance were com- 
pleted on the data for all four meas- 
ures and the results are given in 
Table 1. It will be noted that the 
results for time and total errors are 
similar to each other, and those for 
trials and total first errors, while 
differing from time and total errors, 
are similar to each other, Examina- 
tion of the means (see Fig. 1) shows 
that, in general, maze difficulty in- 
creases with number of alternate 
choices. For time and total errors, 
the correction procedure is more 
difficult than the modified correction 
procedure, but the two procedures 
are not significantly different in 
terms of trials and total first errors. 

To compare acquisition rates under 
the two procedures, Vincent curves 
were constructed for the first-errors 
measure. The curves for the two 
procedures are essentially superim- 
posable, indicating no differential 
effect of procedure on learning rate. 

Both time and total errors to the 


TABLE 1 


Summary or F-Rarros From 
ANALYSES OF VARIANCE 


Measures 

Mio ris Ace caede us 

Source df otal 

Time | Trials | Total | First 

Errors | Errors 

Mazes (M) | 4 |14.05**| 5.34** 14.03**14.26** 

Pop aar 1 |16.38**) 0.34 |22.59**| 0.97 

MXP 4 | 2.94* | 1.21 | 547**| 0.55 
*P =.05, 


12000) 


MEAN TIME (SECS) TO GRITERION 


MEAN ERRORS TO CRITERION 


oh yp E EE 


NUMBER OF ALTERNATIVE CHOICES PER UNIT 


Fic. 1. Mean time and mean total errors to 
criterion as a function of number of alternate 
choices per maze unit. Solid dots and lines 
represent empirical points and best-fitting 
straight lines for the correction. procedure; 
hollow dots and dashed lines represent empirical 
points and best-fitting straight lines for the 
noncorrection procedure. 


criterion as a function of number of 
choices per choice point are plotted 
for each of the two procedures in 
Fig. l. The orthogonal polynomials 
analysis (3) was completed on these 
two measures for each procedure, 
and in all four cases the linear com- 
ponent, and only the linear compo- 
nent, is significant. Thus it is evi- 
dent that all the functions are best 
described by best-fitting straight lines. 
For the time data the equation of the 
line fitted to the correction group is 
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Y = 186.6X — 21.9, and for the 
modified correction group it is 


Y = 59.8X + 261.5. For total errors 
data the equation fitted for the correc- 
tion group is Y = 31.1X — 55.8, and 
for the modified correction group it 


is Y = 7.1X + 3.7. 


Discussion 


As noted earlier, when comparing 
verbal mazes of this type differing in 
number of alternate choices, time and 
total errors are the only meaningful 
measures. In comparing such mazes, 
Brogden and Schmidt (1, 2) found 
significant increases with increasing num- 
ber of choice points, and in fact found 
the data best described by straight lines. 
This is at variance with the usual find- 
ings on verbal learning where, when 
length of list or quantity of material is 
increased, the disproportionate increase 
in difficulty occurs (4, 5, 6). In the 
present study, time and ‘total errors 
both increased significantly and linearly 
with increasing number of alternate 
choices. For these measures, the straight 
line for the correction procedure is 
significantly steeper than that for the 
noncorrection procedure, indicating 
much greater increase in difficulty with 
increase in the number of choices per 
choice point, as was predicted. 

The results of the present study clearly 
demonstrate the superiority of the modi- 
fied correction procedure over the cor- 
rection procedure in terms of time and 
total errors to criterion, Trials are not 
comparable for the two procedures 
because of greater time and greater 
number of responses (and so, total 
errors) made in the correction procedure. 
Total first errors are even less com- 
parable, since they include all errors 
made in the modified correction pro- 
cedure but only a part of the errors made 
in the correction procedure. Thus these 
two measures cannot be considered satis- 
factory indices of learning per se for 
comparison of the two procedures. 
They do, however, provide indices con- 
cerning the number of presentations 
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of the correct responses required by $ 
tolearn. Thus the number of presenta- 
tions of the correct stimuli is twelve 
times the number of trials. Total first 
errors indicates how many times S | 
requires correction—i.e., is given the 
correct stimulus after having made an 
error—to learn. 

The discovery element, present in the 
correction procedure, is essentially elimi- 
nated in the modified correction pro- 
cedure. Thus as number of alternate 
choices increases, increasing amount of 
discovery is required in the correction 
procedure while no increase is required 
in the modified correction procedure. 
In the former, greater time is required 
and many more responses, interpolated 
between presentations of the correct 
choices, are made. When such condi- 
tions apply in verbal learning, difficulty 
is increased (4). It is therefore sur- 
prising to note that, although time and 
total errors are indeed greater for cor- 
rection learning, no more presentations 
of the correct responses are required by 
§ than in modified correction learning. 
This would seem to argue that the dis- 
covery element has no significant effect 
upon the number of presentations of the 
correct responses required for learning, 
but serves rather to increase time and 
errors in proportion to the amount of 
discovery necessary. The fact that the 
Vincent curves for first errors are the , 
same for both procedures demonstrates 
that the greater amount of discovery 
required in the correction procedure has 
no effect on rate of learning. 

The experimental findings of this 
paper have been utilized by Simon (7) 
in the construction of a learning model. 
His conclusions, based on this and other 
studies, are in essential agreement with 
those stated above. 


SUMMARY 


The effects of two procedures, correction and 
modified correction, were compared on the 
acquisition of a 12-unit verbal maze. The two 
procedures did not differ in terms of trials and 
total first errors, but the correction procedure, 
which involved more discovery, required greater 
time and total errors. Time and total errors 
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. increased linearly with number of alternate 


choices for both procedures, the correction 
procedure giving a line of steeper slope. Rate 
of learning, as measured by first errors, was the 
same for both procedures. 
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One type of delay of reinforcement, 
in instrumental reward learning, 
which Hull discusses (4) is the within- 
chain case of delay. It involves 
response chains of different lengths 
or different distances between the 
initial portion of the chain and the 
reinforcing event at the end of the 
chain. 

This variable of distance was in- 
vestigated by Hull (2) in a situation 
in which he trained two groups of rats 
to run to food in a straight alley maze, 
one group in a 20-ft. maze and the 
other group in a 40-ft. maze. When 
running time was measured in suc- 
cessive 5-ft. sections, it was found 
that the running time in the initial 
section for the short alley group was 
less than that in the comparable 
section for the long alley group. 

A factorial design was employed in 
a more recent study by Fredenburg 
(1) in which time of deprivation and 
alley length were varied. The data 
for Trial 1 and Trials 2, 3, and 4 
of each day were treated separately 
due to pronounced warm-up effects. 
Significant differences in running 
speed, measured in a 1-ft. segment 
in the initial portion of the maze, 
were obtained in both comparisons 
between animals maintained on 3-hr. 
food deprivation and animals main- 


1The research was conducted at the State 
University of Iowa under the direction of 
K. W. Spence. 
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tained on 22-hr. deprivation. 'The 
2.75 ratio of long to short path did 
not produce a significant effect on 
running speeds; only Trial 1 of each 
day showed any effect of alley length 
(P < .09). While the difference be- 
tween the running speeds for the long 
and short paths tended to be larger 
for the low-drive group than for the 
high-drive group, the interaction was 
not significant. 

'The interaction between time of 
deprivation and alley length has 
implications for alternative interpre- 
tations of within-chain delay of rein- 
forcement. If a nonsignificant inter- 
action is obtained, Hull’s (3) habit 
interpretation of within-chain delay 
will be rejected in favor of Spence’s 
(6) K-factor interpretation. The 
present study was designed to in- 
vestigate this interaction by using 
conditions similar to those in the 
Fredenburg study, but with a larger 
long to short path ratio. 


METHOD 


Subjects —The Ss were 80 experimentally 
naive female hooded rats from the colony 
maintained by the Department of Psychology 
at the State University of Iowa. Their ages 
ranged from 90-110 days at the beginning of 
the experiment. Twenty Ss were assigned 
randomly to each of four experimental groups. 

Apparatus —The apparatus consisted of a 
Starting section, 1.25 ft. long, separated by two 
manually operated doors from a 16-ft. straight 
alley. The alley height and width were 3 in. 
and 6 in., respectively. A removable block with 
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a brass dish, .25 in. from the floor, was used as 
the goal piece. The block was inserted in the 
alley either 4 or 16 ft. from the starting box 
and 1 ft. from a retrace door. 

The entire apparatus was painted a flat black 
with the exception of the floor, which was covered 
with rubber matting. The top of the maze was 
covered with glass and the goal sections with 
hinged pieces of Plexiglas. Wooden frames, 
fitted over the outside of the maze to eliminate 
grooves in the sides of the alley proper, served as 
the frames for the retrace doors at the entrance 
to both goal sections. A black curtain extended 
across the alley .5 in, in front of the first retrace 
door. All doors were operated from behind the 
start box by means of a pulley system made 
possible by wooden crosspieces above the maze. 

The lighting arrangement was designed to 
assure dim, diffuse, and homogeneous lighting 
for the entire length of the maze. For illumina- 
tion, four 40-w. bulbs were equally spaced 5.5 ft. 
above the maze. Suspended over the length 
of the maze, 1 ft. below the bulbs, was a 17 X 2- 
ft. piece of cardboard whose sides were each 
bent up 6 in. A black curtain was draped over 
a wire frame 2 ft. above the maze. 

Model 330 of the Photo Contact Relay, 
Hunter Mfg. Co., Inc., was used in both the 
starting time and running time circuits. The 
light which activated the units was provided 
by three adequately shielded 1.5-w. lamps 
mounted on the outside of the alley directly 
opposite the units. The light passed through 
round holes, .5 in. in diameter. Raising the 
second door in front of the starting section 
started a Standard Electric clock which was 
stopped when S interrupted the light beam to a 
photo cell 3 in. distant. Similarly, in the run- 
ning time circuit, successive interruption of 
the light beams to two photo cells, which 
marked off a 1-ft. segment 1 ft. from the starting 
men registered on another Standard Electric 
clock, 
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All components of the circuits which were 
superthreshold in noise were placed in an 
adjoining room. The clocks, enclosed in a 
semisoundproof box, were the only exception. 
A fan, placed on the floor behind the apparatus, 
provided a general masking noise. 

Procedure.—Yhe Ss were given 15 days 
habituation to a 24hr, feeding rhythm, during 
which each S was fed for 1 hr. a day in an 
individual feeding cage. The 22-hr. and 3-hr, 
deprived groups were fed at a time appropriate 
to the subsequent experimental runs. 

On Day 1 of the experimental treatment, 
Ss were introduced into the starting box. As 
soon as S faced in the direction of the runway, 
the first door was raised. Approxifnately .5 
sec. later the second door was raised. Half 
of the Ss received two pellets of Purina Labora- 
tory Chow, .1 gm. each, ata goal 4 ft. distant, 
while the other half received the same reward at 
a goal 16 ft. distant. Within these two groups, 
half of the Ss ran under a low hunger drive, 
based on 3 hr. of food deprivation, while the 
other half ran at a high-drive level based on 22 
hr. of deprivation. The groups are designated 
as follows: Group 1, short alley—22 hr. of food 
deprivation (Sh-22) ; Group 2, long alley—22 hr. 
of food deprivation (Lg-22); Group 3, short 
alley—3 hr. of food deprivation (Sh-3); and 
Group 4, long alley—3 hr. of food deprivation 
(Lg-3). 

Two trials a day, at least 10 min. apart, were 
given to each S for 27 days. On Days 25-27, 
all Ss were prefed in the goal box prior to the 
first experimental run. The order of runs 
for the groups was assigned randomly at the 
beginning of the experiment but remained 
constant thereafter. Clock readings were taken 
after each trial to the nearest .01 sec. At the 
end of each run, upon consumption of the reward, 
the animal was removed to an individual 
compartment in a carrying cage. 


TABLE 1 


Means AND SD's or SPEEDS ON TRIALS 1 AND 2 or Each Day ron Triats 1-48 


Running Speed ' Starting Speed 
Groups Trial 1 Trial 2 Trial 1 Trial 2 
Mean SD Mean SD Mean SD Mean SD 
1 (Sh-22 2.16 16 2.66 69 247 68 2.59 70 
2 (1222) 1.55 -70 2.26 72 1.78 72 1.93 63 
3 (Sh-3) 1.65 63 2.24 m 1.98 49 247 64 
4 (Lg-3) 1.49 74 2.38 82 1.59 51 1.64 33 


+ Group! (sh-22) 
aa Group It (Lg-22) 
ee Group (Sh-3) 
&--4 Group I (Lg-3) 


123456786900 2B 


BLOCKS OF FOUR TRIALS 


Fic, 1.) Mean starting speeds in four trial 


blocks for Trials 1-52, 
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The means and SD's of the running 
and starting speeds for all groups 
on Trials 1 and 2 of each day for 
Trials 1-48 are presented in Table 1. 
While both starting and running 
speeds were greater on Trial 2 of each 
day than on Trial 1, for starting 
speeds the increases were not a 
function of either alley length or time 
of deprivation. For the running 
speed measures, as in the Fredenburg 
study (1), alley length differences 
disappeared on Trial 2 of each day. 
In view of the consistent results over 


TABLE 2 


ANALYSIS or Variance or MEAN 
STARTING SPEEDS ror TRIALS 


1-48 
Source df MS F 
"Total between Ss 79 
Deprivation (B) 1[2,775.19 | 6.77* 
Alley length (C) 1 7,466.34 | 18.22** 
BXC 1| 247.76 
Error 76 | 409.80 
"Total within Ss 80 
"Trials* (A) 1| 380.40 | 1227** 
AXB 1 2.37 
AXC l| 15.98 
AXBXC 1| 42.22 
Residual 76| 3L01 


a The trials variable is based on Trials 1 and 2 of 
each day. 
* P <.025. 
** P < .001, 
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trials obtained with the starting speed 
measures, these data were selected 
for presentation in Fig. 1. 

It is clear from an inspection of 
Fig. 1 that both alley length and 
deprivation time affected performance 
levels. The analysis of variance (5), 
presented in Table 2, yielded F's 
of 1822 (P<.001) and 677 
(P < .025) for alley length and dep- 
rivation time, respectively. Since 
the main effects of the experimental 
treatments did not differ with respect 
to Trials 1 and 2 of each day, the 
trials variable was ignored in the : 
tests of the differences between groups. 
All comparisons yielded : values 
significant at the .05 level with the 
exception of the comparison between 
the long alley groups (Groups 2 and 
4). 

The analysis of variance of the 
running speed data, presented in 
Table 3, failed to yield significant 
F's for either of the experimental 
conditions. However, ¢ tests, justi- 
fied by the significant trial by alley 
length interaction (P « .005) indicate 
that the alley length factor had a 
significant effect on Trial 1 of each 
day (P « .025). 


TABLE 3 


ANALYSIS OF VARIANCE oF MEAN 
RUNNING SPEEDS For TRIALS 


1-48 
Source df MS F 
Total;between Ss 79 
Deprivation (B) 1| 1,085.59 1.97 
Alley length (C) 1 | 1,496.48 | 2.72 
BXC 1|141292| 2.57 
Error 76| 550.43 
"Total within Ss 80 Tu 
Trials (A) 1 110,393.94 | 270.37 
AXB 1| 115.06] 2.99 
AXC 1| 373.45} 9.71* 
AXBXC 1 14.16 
Residual 76 38.44 
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Neither the starting speed nor the 
running speed measures yielded sig- 
nificant interactions between depriva- 
tion time and alley length. To 
facilitate consideration of these inter- 
actions, they are presented graphi- 
cally in Fig. 2 and 3. Consistent 
with the nonsignificant interaction 
found for the starting speeds, the 
lines connecting the drive levels for 
the two alley length conditions are 
parallel. While an interaction ap- 
pears to exist between drive level 
and alley length in the case of the 
running speed measures, particularly 
for Trial 2 of each day, it did 
not reach statistical significance 
(05 < P <.10). It will be recalled 
that in the previous study the larger 
difference between the alley length 
groups favored the low-drive condi- 
tion, which is opposite to the result 
found here. 

If the feeding in the goal box after 
the first daily run of the Learning 
Period was responsible for the in- 
creased speeds observed on the second 
daily trial, a prefeeding procedure 
would be expected to produce the 
same effect. Analyses of variance 
were performed which compared the 
Prefeeding Period with the last three 
days of the Learning Period. Both 
running and starting speeds on the 
first trials of each day were signifi- 


TRIAL 1 TRIAL I 


— Short Alley 
= Long Alley 


STARTING SPEED 


HOURS OF DEPRIVATION 


Fic. 2. Mean starting speeds for 
Trials 1-48. 
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— Short Alley 
= Long Alley 


RUNNING SPEED 


3 22 3 22 
HOURS OF DEPRIVATION 


Fic. 3. Mean running speeds for 
Trials 1-48. 


cantly faster (P < .001) for the Pre- 
feeding Period. The differences be- 
tween the running speeds on the 
second trials of the Learning Period 
and the first trials of the Prefeeding 
Period were not significant (F = 1.52, 
P > .20). However, for starting 
speeds, the same comparisons yielded 
a significant F (F = 11.23, P < .005); 
that is, starting speeds were greater 
for the Prefeeding Period. v 


Discussion 


While Hull (3) attributes the difference 
in response strength for long and short 
chains to a difference in habit strength 
at the beginning of each chain, Spence 
(6) interprets within-chain delay of 
reinforcement in terms of the incentive 
motivating factor, K. From the Hul- 
lian position, in which it is assumed 
that (a) the habit strength of the initial 
S-R component of a response chain is a 
function of the length of the chain, (4) 
differential drive is a function of food 
privation, and (c) drive level and habit 
strength combine multiplicatively, the 
excitatory potentials for the short (Es) 
and long (Zr) alleys would be as follows: 


Es = Hs X D 
Ey = Hy XD 


The differences between the excitatory 
potentials for the two alley lengths 
for the low-drive groups and the high- 
drive groups, respectively, would then 
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be: Eg — Ex = Drow (Hs — Hı) and 
Es — Er = Dmign (Hs — Hı). Thus, it 
would be predicted that the difference 
between the response strengths for long 
and short chains would be larger for the 
high-drive groups than for the low-drive 
groups. 

The implications of Spence’s interpre- 
tation depend primarily on how K and 
D, as motivational variables, are assumed 
to combine. If they combine in a 
simple linear fashion the following rela- 
tionships are obtained: 


Es = H (D + Ks) 
Ey = H(D+ Ki) 
Es — Ey = H (Ks — Ky) 


Thus, when it is assumed that habit 
strength combines multiplicatively with. 
total drive which is an addition of all 
drives present, the resulting response 
strengths are a function only of the 
values of K, or are independent of hun- 
ger drive. One would expect, then, 
that the differences between the long 
and short alley groups would be the 
same for both drive conditions. 

. The experimental evidence appears 
to be more consistent with Spence's 
position. It will be recalled that the 
interactions. between food deprivation 
and alley length were nonsignificant in 
all comparisons. However, the “warm- 
up" effect, the increased speeds on the 
second daily trials of the Learning Period, 
is problematic for either interpretation. 
From the comparisons between the Pre- 
feeding Period and the Learning Period, 
it is suggested that the effect was due to 
the first trial feedings. While goal- 
box behavior is critical in Spence's 
treatment of the K-factor, such rapid 
changes in performance would not be 
expected. Also, there is no a priori 
reason to expect the changes to differ 
with length of delay, as was found 
for running speeds. Similarly, habit is 
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conceived by Hull to develop gradually 
as a function of the number of rein- 
forcements rather than being subject 
to rapid shifts in its strength. 

The problem remains that there was a 
lack of consistency in the present experi- 
ment between running and starting 
speed measures. However, it might be 
argued that starting speed was a more 
sensitive measure, since it yielded sig- 
nificant and consistent effects for both 
experimental variables. 


SUMMARY 


Eighty rats were trained to run to food in a 
straight alley. A factorial design was employed 
with two lengths of alley and two levels of food 
deprivation. Running speeds were significantly 
faster for the short alley than for the long alley 
groups on Trial 1 of each day only, while for 
starting speeds the same effect was significant 
on both daily trials. Deprivation time had a 
significant effect only for starting speeds. The 
interaction between deprivation time and alley 
length was insignificant for both measures, 
The results were discussed in terms of Hull's 
habit interpretation and Spence’s K-factor 
interpretation. of within-chain delay of rein- 
forcement. 
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CORRECTION AND REANALYSIS 


NORMAN H. ANDERSON? 
Yale University 


W. K. Estes has kindly called our attention 
to an error in the Anderson-Grant article (2) 
where it was stated that the quantity b was an 
estimate of 0(2a; — 1). The derivation of this 
result failed to take account of the information 
about the underlying response probability which 
is conferred by knowledge of the last response 
made. This necessitates a reconsideration of 
two conclusions of the earlier report: (a) that 
the quantities a and b were inconsistent as 
estimates of 0; and (b) that b could be interpreted 
às a statistic descriptive of a perseverative 
tendency. 

Fortunately, the situation can be handled 
correctly with the general estimation method 
for linear learning models developed by the first 
author (1) which uses the sequential dependen- 
cies within the sequences of stimuli and re- 
sponses. In the context of the model in the 
earlier article, the relevant equations take the 
following special form: 


Piu = mj[6o;Vi + (1 — 0)V«] 
Pin = vj[&(1 — oj) 
+ (1— 20 + 0a) Vi — (1 — 0)V:] 
pita = mE — ba) Vi — (1— 0)V:] 
Pin = mll — Pau — Paar — Dias] 


Here s; is the probability of the noncontingent 
reinforcing event, Ej; @ is the learning rate; aj is 
the sharing parameter; Vi and Va are the mean 
and second raw moments of the distribution of 
response probability, averaged over trials; 
pin is the unconditional probability of a sub- 
sequence of the form (Response Ag on Trial n, 
Event E; on Trial n, Response A; on Trial 
n+ 1), with analogous definitions for the 
other ’s. The $'s are to be considered as 
averaged over the population of organisms on 
any given trial, and then averaged over trials. 
It may be noted that the same equations hold 
for single event trials (by setting aj = 1), and 
for event trials on which no learning occurs 
(taking 0 = 0). 

Lines 1, 2, and 3 of Table 1 give the observed 
values of pj, 11/mj, Din/mi, and (pi. — ti) /Ti 
respectively, for the double event trials, j = 0 
or 3. These values were obtained directly 
from the 2 X 2 tables of the frequencies of the 
four possible doublets of successive responses 
separated by a double event. All trials on 
which a double event occurred were used in the 
tabulations, 
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Present interest centers on the differences 
in Lines 3 where a positive value means that 
the frequency of A; responses is higher following 
double events than it is preceding double 
events. The analysis of these differences, per- 
formed on the raw frequencies, is in Table 2. 
For Groups .30 and .45, the differences are 
uniformly positive and are significantly different 
from zero as shown by the F’s for Mean. The 
decreasing trend over trials is significant only 
for Groups .30. For Groups .60, the mean 
differences are small and nonsignificant. There 
js no indication that type of double event has an 
effect. 1 

Since V; is less than .5 in each trial block for 
Groups .30 and .45, (2, Fig. 4), the analysis 
demonstrates a significant increase in the 
probability of the less frequent A; response 
following double-event trials. Since Vi is not 
much different from .5 for Groups .60, and since 
this effect does not appear here, it would evi- 
dently be better interpreted as a regression 
toward the chance level rather than as a regres- 
sion toward the A, response which was condi- 
tioned on Trials 1-100. 


TABLE 1 
OBSERVED AND PREDICTED SEQUENTIAL DEPENDENCIES 


Trial Blocks 
Group. Line |—— — — ———— ——— 
101-200 | 201-300 | 301-400 

,30-0 1 192 465 .109 
à 2 462 125 pu 
3 088 068 1035 

4 .020 019 016 

30-3 1 217 433 .099 
? 2 160 126 419 
3 .088 049 .035 

4 015 O17 016 

45-0 1 314 .239 .203 
2 193 164 134 

3 .051 .043 .023 

4 .006 011 014 

445. 1 268 221 178 
i 2 165 142 A16 

3 .031 .028 .019 

4 011 011 011 

.60-0 1 405 317 364 
2 414 134 138 

3 —.003 —,006 «007 

4 000 | .003 .001 

.60-3 1 361 .330 373 
2 A37 133 147 

3 008 .006 021 
4 000 .003 -000 


Note.—See text for explanation of entries. 
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‘TABLE 2 
ANALYSIS OF VARIANCE OF SEQUENTIAL 
DEPENDENCY DIFFERENCES 
F's for Double-Event 
Frequency Groups 
Source df 
30 AS .60 
Between 
Mean 1 27.24* | 17.54* 1.41 
Groups 1 0.10 0.67 1.65 
Error 46 (16.97) | (17.29) | (11.37) 
Within 
Trials 2 4.72* 1.04 0.97 
TXG 2 0.18 0.15 0.01 
Error 92 (6.73) | (10.73) (9.58) 


Note.—Error mean squares in parentheses. 
* P «05. 


The quantity b is obtainable as a conditional 
probability from Table 1. However, since b 
involves an estimated denominator, it is prefer- 
able to work directly with the unconditional 
probabilities. The question as to the consistency 
of a and b is then equivalent to asking whether 
0 as estimated by a will satisfy the equations 
above, The simplest check is gotten by sub- 
tracting the third equation from the second, 
and dividing by v; to obtain 0(1 — oj) (I — 2Vi) 
as the theoretical expression for the differences 
of Lines 3 of Table 2. The predicted regression 
thus depends on the learning rate, the sharing 
parameter, and the distance from the chance 
level of response. 

This expression may be evaluated from the 
earlier data (2). "The sharing parameters were 
assigned the common value, .88, since type of 
double event had no effect in the above analysis. 
Using the obtained values for Vi, and substitut- 
ing a for 6, (2, Fig. 4 and 5), this expression then 
yields the predicted values in Lines 4 of Table 2, 
It is seen that they are rather definitely too 
small compared to the observed values in Lines 
3. The inconsistency of a and b thus remains 
unresolved, 
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The validity of interpreting b as descriptive 
of a perseverative tendency is unclear. In 
general, it is evident that interpretations of this 
kind must depend on some assumed model, 
explicit or implicit, which provides a null- 
hypothesis baseline. (The baseline used in the 
earlier article was the mean proportion of A; 
responses, which is invalid as soon as it is 
admitted that response probability changes 
or fluctuates from trial to trial.) This un- 
fortunately makes the intuitive meaning of b 
and analogous statistics model-dependent, but 
there seems to be no way to avoid the problem. 
Lacking an adequate model for the situation, 
it is necessary to view the earlier interpretation 
of b circumspectly. 

'The regression effect discussed above is a 
source of difficulty to all the models which have 
been proposed for this experimental situation. 
'The present sharing parameter model predicts 
values which are considerably too small. As 
presently formulated, the models of Neimark 
(4) and Atkinson (3) predict zero effect. It 
would seem that this discrepancy cannot be 
attributed to nonindependence of successive 
samples since the regression does not appear for 
Groups .60. It may be expected that a more 
extended investigation of the sequential de- 
pendencies will shed additional light on the 
problem. 
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ERRATUM 


In the article “Dimensional Analysis of Movement Reactions? by Edwin A. 
Fleishman, in the May, 1958, issue of this Journat (J. Exp. Psychol., 55; 
438—453), several reference numbers in the text should be changed to conform 
with the References at the end. On p. 439, 5th line from bottom, second 
column, Reference 7 should be Reference 10. On p. 442, the correct reference 
for Test 2 is Reference 13 instead of 12. On p. 443, the references for Tests 


7, 8, and 10 should be Reference 13. 
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SUPPLEMENTARY REPORT: PROCESSES UNDERLYING LEARNING 
A SINGLE PAIRED-ASSOCIATE ITEM? 


JOHN OLIVER COOK 
North Carolina State College 


As a test of the theoretical model of paired- 
associate learning previously outlined (1), a sec- 
ond paired-associate experiment was run on 160 
airmen, with eight groups of 10 in each treat- 
ment. Asin the previous experiment, the same 
experimental materials were used, and the same 
two learning methods: Prompting (stimulus 
term, then response term, then overt practice 
of the response term) and Confirmation (stimu- 
lus term, overt practice of the response term, 
and then the response term). The superiority 
of the Prompting method, and hence of the 
model that predicts its superiority, had been 
questioned on the grounds that the highest 
level of learning achieved in the previous experi- 
ment was only 54.8% of the material Had 
training been continued, it is alleged, Confirma- 
tion might have proved superior in the later 
stages. 

To meet this objection Ss in the present 
experiment were run to mastery with a test 
after every three of the 36 training trials. In 
terms of the number of correct responses, as the 
theoretical model predicted, Prompting proved 


1 This report is based on work done under ARDC 
Project No. 7709, Task No. 37305, in support of the 
research and development program of the Air Force 
Personnel and Training Research Center, Lackland Air 
Force Base, Texas. 


superior throughout the learning curve (Table 
1). Prompting also proved superior in terms 
of the number of different "legitimate" responses 
(a "legitimate" response being any one of the 
10 response terms, whether elicited by its proper 
stimulus term or by one of the others). In 
the previous experiment this finding appeared 
only as a tendency but did not achieve signifi- 
cance. Prompting produced more substitution 
errors early in learning because Ss knew a larger 
number of response terms (“legitimate” re- 
sponses), but the number of substitution errors, 
as the model predicted, dropped off rapidly. 
In the Confirmation condition, substitution 
errors reached their peak later and showed a 
significant tendency to persist, due to the fact 
that the Confirmation method makes it difficult 
for the implicit response to the response term 
to become attached to the stimulus consequences 
of the implicit response to the stimulus term. 
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TABLE 1 


NuMBER OF CORRECT RESPONSES, DIFFERENT “LEGITIMATE” RESPONSES, AND SUBSTITUTION ERRORS 
(Means of medians of eight groups in each of two treatments) 


Correct Responses Different Legitimate Responses Substitution Errors 
Test 

Prompt. | Confirm. | P* Prompt. | Confirm. | P* Prompt. | Confirm, | P* 

1 .250 .000 — . 2.125 02 3.250 2,375 05 
2 1750 1.000 4:250 2,875 01 3,000 2.250 05 
3 3.625 2:375 5.875 4.000 01 1.750 2:125 — 
4 5.875 3.875 6.625 5.000 01 1625 1,500 02 
5 7.625 5.500 8.000 6.375 105 1125 1875 01 
6 9.000 6.750 9.000 7.375 102 0 1625 05 
7 9.625 8.000 9.625 8.250 205 425 375 — 
8 10.000 9.000 10.000 9.250 205 0 o = 
9 10.000 9.750 10.000 9.750 — 0 0 — 
10 10.000 10.000 10.000 10.000 — 0 0 — 
11 10.000 10.000 10.000 10.000 — 0 0 = 
12 10.000 10.000 10.000 10,000 — 0 0 — 


* P values determined by Kruskal-Wallis rank test, using medians of the eight Prompting groups and medians 


of the eight Confirmation groups. 
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SUPPLEMENTARY REPORT; THE DIMINISHING INTERVAL 


CONDITIONING TECHNIQUE 


ROBERT E. MILLER anp JOHN V. MURPHY 
School of Medicine, University of Pittsburgh ‘ 


The technique of progressively diminishing the 
intertrial interval in avoidance conditioning has 
not only the practical advantage of considerable 
savings in testing time but also, of even greater 
significance, the avoidance response established 
under this procedure has been shown to be sig- 
nificantly more stable and resistant to extinction 
than a response established under the conven- 
tional nondiminishing procedure (1). The pres- 
ent study was designed to study the course of 
extinction of this remarkably stable response 
over an extended period. In addition to a group 
conditioned for 150 trials on a diminishing 
schedule, as in the previous experiment, a second 
group conditioned for only 100 trials was in- 
cluded, : 


METHOD 


Subjects —Thirty male rats of the Carworth 
strain were used. The Ss were 50-60 days old 
at the beginning of training. 

Apparatus—The apparatus consisted of a 
two-compartment avoidance conditioning box 
(1). The two compartments were separated by 
a 2-in. barrier. 

Procedure.—AÀn avoidance response, barrier 
crossing, was conditioned to a buzzer CS in ac- 
cord with the method of the previous report (1). 
"Ten conditioning trials were presented each day. 
"The average intertrial interval was diminished 
in 10-sec, steps from '60 sec. to 20 sec. during 
conditioning. The Ss were randomly assigned 
to either a 10- or 15-day conditioning group. 


Fic. 1. The incidence of conditioned avoidance re- 
sponses and interval responses during extinction. 
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The average interval was diminished 10 sec. 
every third day for the 10-day group and every 
fourth day for the 15-day group. à 

Following conditioning, Ss were tested at the 
rate of 10 trials per day for a 72-day period on an 


extinction procedure, i.e., no shock was admin- * . 


istered for failure to respond. The intertrial ' 
interval during extinction averaged: 20 sec. for 
each group. , 

Resutts AND Discussion 


Three Ss in the 10-day group and two Ss in 


the 15-day group were discarded prior to extinc- “4 


tion testing for failure to meet the criterion of 
conditioning (1). "The mean incidence of’avoid- 
ance responses for the remaining Ss in successive 
blocks of 60 extinction trials is shown in Fig. 1. 
A repeated measures analysis indicated that 
there was no significant difference during extinc- 
tion between the 10-day and the 15-day groups. 
There was, however, a downward trend in the 
number of avoidance responses during the ex- 
tinction period (P « .05). 

These data indicate that the conditioned 
avoidance response established with the dimin- 
ishing interval technique had not approached 
extinction despite the extended period of testing. 
It appears that many hundreds of additional 
trials would be required to extinguish this re- 
sponse to zero level. For all practical purposes 
the avoidance conditioning established with this 
procedure might well be considered nonextin- 


.guishable. 


Mean interval responses during the 72-day 
extinction period are shown in Fig. 1. These 
responses are, as the name implies, barrier- 
crossings which occur between trials and in the 
absence of either CS or UCS. A repeated meas- 
ures analysis showed no significant difference 
between the 10-day and 15-day groups. The 
incidence of interval responses increased sig- 
nificantly (P < .01) during the extinction phase. 
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Southern Illinois University 


The relationship between word- 
frequency and recognition has recently 
received considerable experimental 
attention. Words more frequently 
used in the language have produced 
higher intelligibility (articulation) 
scores than; those less frequently used 
(2), and, similar relations hold for 
other studiés of recognition of spoken 
words (9, 12), as well as for visual 
recognition of words flashed on a 
screen (e.g, 10, 16). The extent 
to. which the frequency-recognition 
relationship accounts for data from 
both modalities is the basis for con- 
siderable controversy in perceptual 
defense studies (8). This controversy 
relates to the more basic question of 
whether the data obtained are to 
be given a perceptual interpretation 
or a response interpretation. Stated 
otherwise, does frequency affect seeing 
or saying (cf. 13)? This argument 
` may have relevance for the validity 


l'This research was made possible through 
grants from the National Science Foundation, 
to whom the author is greatly indebted for 
generous support. 

:? Now at the University of Virginia. 
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of sensory inferences drawn from 
articulation and intelligibility scores, 
as well as from other recognition 
data. T 

The frequency with which a word 
appears in the language can only be 
estimated; word counts from selected 
publications (6, 18) provide samples 
which may not be representative of 
all Ss (4, 5). In the investigation 
of the frequency-recognition relation- 
ship, nonsense syllables present an 
advantage in that their frequency is 
more amenable to experimental con- 
trol, since they have less of a history 
of prior usage than other words. In 
a training. session, for example, one 
syllable may be presented 25 times, 
another 10 times, and so on. Each 
syllable is then presented in a'reco) i 
tion session. Such experimk ts 
port frequency-recognition rela’ 
ships of the type discussed (1, 
14, 16). . 

This study reports such a nonsense 
syllable experiment. Following a 
training session of the type described, 
S was told that one of the training 
words would be flashed subliminally 


on- 
1, 
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at regular intervals on the screen. 
He was to respond with a word 
whether he saw one or not; when he 
was correct, E would so inform him 
and would initiate a new series. This 
experiment, however, differs in that 
all flashes were blanks. If the previ- 
ously reported frequency-recognition 
relationship is now obtained, this 
relationship cannot be ascribed to 
perception. 

Recognition involves accuracy, and 
accuracy is usually regarded as the 
congruence between S's responses and 
the stimulus sequence. Hence the 
perceptual inference. In actuality, 
however, E seldom co-monitors the 
signals with S; accuracy is usually 
"the congruence between S's response 
and Z's score sheet” (8, p. 35). 

If (a) words more frequently used 
in a training session (where the rela- 
tion between reinforcement and use 
is constant) are also the more fre- 
quent responses in a recognition 
session, and if the training session 
words appear equally on Z's score 
sheet, then (b) the frequent words 
will score more hits than the infre- 
quent words. The frequent words 
should also produce such congruences 
earlier in the series. If, as in the 
ascending Method of Limits, a hit 
terminates the series, and ascending 
stimulus energy values are assigned 
to successive presentations in the 
series, then (c) recognition thresholds 
of more frequent words should be 
lower than those for less frequent 
words. 

This study has its origins in the 
Vexierversuche of classical psycho- 
physics, where blanks were introduced 
as a check on S's biases (3, p. 479). 
The training session in the current 
experiment would be considered as 
one of many possible ways to bias 
S's responses, that is, to give re- 
sponses unequal likelihood of appear- 
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ing in the recognition response sample. 
Results consistent with the three 
predictions made have appeared in 
the recognition literature. In this 
experiment, the predictions are made 
without reference to a signal, and 
since none is presented, perception 
is precluded from the interpretation. 
The second and third predictions 
relate E's scoring procedures and score 
interpretations, respectively, to “the 
response bias of the first prediction, 
a function of training procedures 
familiar to students of learning. 


METHOD 


Subjects: —The Ss were 25 male college stu- 
dents, volunteers from a sophomore lecture 
section of a physical education course. 

Stimulus words—Stimulus words were non- 
sense syllables of low association value drawn 
from a list compiled by Hilgard (see 17). Ten 
words were divided into five pairs, and sys- 
tematically varied so that each pair would be 
presented at each of five frequencies; 13 other 
words, introduced to lengthen the training series, 
were presented once and did not appear in the 
recognition series. The paired words were: 
MIV, WUX; TUD, ZOF; HIF, MAF; FEP, 
HAJ; VUK, VOF. The extraneous words 
were: BEJ, DAJ, FEH, JEX, KEJ, LIJ, PUY, 
TEV, TOV, VAB, VEF, ZID, ZIM. The fre- 
quencies used were 25, 10, 5, 2, 1, This resulted 
in 99 cards per S. 

Training procedure.—Each of the words was 
typewritten in l-in. capital letters in the center 
of a 3 X 5-in. white card, with the 25-frequency 
words appearing on 25 cards, and so on. The 
deck was shuffled separately for each S and was 
placed face down between E and S. Every 8 
sec., E exposed a card in view of S, who then 
read the letters and the name, thus: “F-E-P, 
fep.” The Ss were told that these were words 
of a foreign language, with Æ interested in their 
pronouncing each word as it appeared. These 
responses will be called training responses. 

Interpolated activity—Following the training 
period, S was given the January, 1958 issue of 
Consumer's Report, opened to an article on 
subliminal advertising, a half-page clipping 
from the Southern Illinoisan, a local daily, 
containing an interview with Æ on this subject, 
plus a smaller clipping from a news weekly, 
and was requested to read these. After 10 
min., he was transferred to the perception booth. 


VEXIERVERSUCH: WORD-FREQUENCY AND RECOGNITION 


Perception procedure.—The booth has con- 
trolled and monitored lighting, and S sits 10 ft. 
from a uniformly illuminated screen, in the 
center of which, at eye level, is an 11 X ll-in. 
opal glass screen for rear projection. Instead 
of white light, a gray mottled section from 
Rorschach Plate I was flashed at each presenta- 
tion) Interruption of the light was through a 
Wollensak solenoid-operated shutter connected 
to Hunter interval timers. Communication 
with E was through a high-fidelity two-way 
system. 

The S was told that 2 sec. after the warning 
bell, e of the foreign words he had pronounced 
would be flashed into the window, so quickly 
that he might see only a flash; whether he saw 
a word or not, he was to respond with one, since 
the purpose of the experiment was to relate 
behavior to unseen or barely seen stimuli. 
Within three presentations, Ss were responding 
with a word occasioned by the window lighting: 
up. ‘That a presentation was made was discern- 
ible; duration was .02 sec., with interval being 
7 sec. All temporal relations and bell were 
automatic. 

Score sheet and psychophysical method.—The 
method mimicked was the ascending Method 
of Limits; S was told that the same word would 
be presented until he got it right, that he would 
be informed when correct, and that another 
word (or the same word, by random selection) 
would then be shown. This procedure was used 
to avert perseverations; the data obtained can 
be analyzed as though a random presentation 
method were being mimicked. The Æ score 
sheet had 10 columns, each headed by a word. 
These were balanced so that each word would 
appear equally as the first or second, the third 
or fourth, and so on in the 10 series, When S 
said the word at the top of the column, Æ stated: 
“That was the correct word. We shall now try 
another series," and began to make entries in the 
next column. All words given were recorded 
in the appropriate column. A pilot study hav- 
ing produced no "correct" responses beyond 
Presentation 22, if the word at the head of the 
column were not given by Presentation 25, E 
said: “We shall now try another series,” and 
began to make entries in the next column. 

It will be noted that by this procedure, all 
Ss did not give an equal number of responses, 
nor was there the same number of entries in 
each column, since giving the word at the head 


3 This was used because it was available, and 
produced a random-appéaring gray; the basic 
motivation being that "something" should be 
presented. This precaution turned out to be 
unnecessary; Ss in a later experiment reacted 
as well to pure white light. 
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of the column terminated entries for that 
column, as in the studies using the ascending 
Method of Limits. In these studies, all entries 
preceding the correct one are called “prerecogni- 
tion hypotheses. Responses given in the 
booth will be called perceptual responses. 

Three Ss failed to produce ‘a single correct 
response, and a fourth produced only one. 
Their records contained runs of the same syl- 
lables. Since the same learning procedure was 
used for all Ss who vary in learning in both 
training procedures and instructional periods, 
the performance of these Ss was considered 
indicative of poor learning procedures, and they 
were replaced by four other Ss prior to the 
analysis of the data. 


REsuLTs 


Perceptual-response frequency as a 
function of training-res ponse frequency.— 
This relationship is presented in Fig. 
1; the logarithmic relationship be- 
tween the two frequencies usually 
found in recognition experiments of 
this type has been obtained here. 
The degree of association between 


m 
o 


20 


AVERAGE RESPONSE FREQUENCY (MEAN "INTELLIGIBILITY") 


uper oT S bane 
1 2 5 10 25 


LOG FREQUENCY TRAINING 


Fic. 1. Mean frequency of perceptual re- 
sponses as a function of training frequency. If 
treated as ascending Method of Limits, mean 
frequency of “prerecognition hypotheses” as a 
function of training frequency. If treated as 
random series, mean “recognizability” (“intel- 
ligibility”) as a function of training frequency 
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obtained order and predicted order, 
as measured by Kendall’s Tau, is 1.00, 
which has a significance value of 
P «.00 for five ranks. For the 
training frequencies of the experi- 
ment, the average perceptual response 
frequency is: 25, 22.18; 10, 12.30; 5, 
9.88; 2, 2.38; 1, .83 (two perceptual 
words, 1.04; 13 extraneous words, .80). 

These results confirm the prediction 
made and suggest that had a random 
method been mimicked, instead of 
the ascending Method of Limits, S's 
congruences would have tended to 
follow the distribution in Fig. 1, 
and “intelligibility” and “recogni- 
tion" scores would have followed suit 
as an artifact of this relationship. 
If the data are interpreted as relating 
to the ascending method, Fig. 1 can 
be considered as depicting “prerecog- 
nition hypotheses." 

Number of congruences.—When S 
gave the word at the head of a column, 
that series was terminated, as in the 
ascending Method of Limits recogni- 
tion studies, where such congruence 
defines recognition. The relationship 
between the percentage of words 
thus recognized and training fre- 
quency is indicated in Fig. 2, in which 
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Fic.2. Percentage of “presented” syllables 


“recognized” as a function of training frequency. 
Data treated as ascending Method of Limits. 
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TABLE 1 


Numser or RECOGNITIONS FOR EACH 
FREQUENCY As A FUNCTION oF 
NuwBER or RECOGNITIONS 
Per S 


Word-Frequency 


Words 
Recogni: 9s 

25 | 10 5 2 1 

7 5 10 | 10 8 4 3 

6 5 8 | 10 7 4 1 

5 4 7 8 3 2 0 

4 5 8 6 6 0 o 

3 6 9 3 5 0 1 

Totals 25 42 |37 |29 | 10 5 


Number unrecognized 8 |13 | 21 | 40 | 45 


Mean presentation at 
which recognized word 


was recognized 4,50 | 6.78 | 6.52 | 6.40 | 10.80 


the logarithmic relationship found 
in Fig. 1 is continued. 

No S recognized all words. Table 
l relates the total number of words 
recognized by each S to the number 
of words recognized by S for each 
frequency. If S recognized all 10 
words, the recognitions would be 
evenly distributed among all five 
frequencies. If he recognized only 
one, this should tend to be a 25-train- 
ing frequency word, with a curve in 
between gradually moving away from 
the 25-frequency words. The table 
indicates that recognitions generally 
distributed themselves in accordance 
with this expectation. 

Average threshold.—With regard to 
the relationship between thresholds 
and frequency, to what extent are 
the results of this experiment similar 
to results obtained where signals are 
actually presented? Assuming that 
signals were presented here would 
require that stimulus energy be in- 
creased with each presentation by 
some physical value we shall call an 
erg. It will be noted from Table 
l that many words required energy 
levels higher than 25 ergs for recogni- 
tion—they were not recognized by 
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AML. "RECOGNITION" THRESHOLD ("RECOGNITION SPEED") 


I 2 5 10 25 


LOG FREQUENCY TRAINING 


Fic. 3. “Threshold energy" required to 
“recognize” words as a function of training 
frequency. Data treated as ascending Method 
of Limits. 


Presentation 25. If we assume that 
all words, regardless of frequency, 
require an average of 26 ergs for 
recognition, we can compute an 
average threshold for each word, 
based upon number of words un- 
recognized at Presentation 25 (given 
values of 26), plus number of words 
unrecognized at preceding presenta- 
tions, but previously congruent 
through the interaction of positive 
response bias with score sheet entries 
(given values of the presentation of 
congruence). Such average thresh- 
olds are presented in Fig. 3. Fhe 
ordinate is expressed in terms of 
relative stimulus energy; y can stand 
for ergs, milliseconds, millivolts, and 
the like. The inverse logarithmic 
relation between stimulus energy and 
frequency reported in the literature, 
and often considered indicative of 
perceptual effects, has been obtained. 
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Other results —The syllables were 
selected from a list of words of equal 
association value; that their values 
were not equal for the population 
in this study is suggested by marked 
differences in the frequency of për- 
ceptual responses given. Each of the 
recognition words was presented an 
average of 8.3 times in the training 
session; the number of perceptual 
responses for each was: TUD, 394; 
HAJ, 382; MIV, 294; WUX, 270; 
VOF, 230; FEP, 200; MAF, 192; 
HIF, 153; VUK, 143; ZOJ, 127. The 
13 nonrecognition words were pre- 
sented once in the training session; 
their perceptual response frequencies 
range from TEV, 103; PUY, 42; to 
KEJ, ZUM, LIJ, each 0. 

A total of 1259 neologisms were given 
by all Ss, constituting .31 of all responses. 
All but 156 of these shared two letters 
with the training words. Considera- ` 
tion of these as partial responses 
(or partial “recognitions”) did not 
alter the logarithmic functions when 
added to the data. No consistency 
could be found in their use. Words 
scoring high on partial response 
scored both high and low on full 
response; similar results obtained for 
other scores. The analysis was com- 
plicated by duplications (for example, 
T-V in TEV and TOV), for which 
arbitrary corrections were made. 


Discussion 


The results of this study can be 
interpreted as challenging a perceptual 
interpretation of the relationship between 
word-frequency and recognition-intelligi- 
bility, where word-frequency can be 
placed under laboratory control Per- 
ception was not involved in this study, 
yet the logarithmic recognition-frequency 
curves were obtained. If we pretend, 
as in Fig. 3, that syllables were flashed 
on the screen, the data make sense when 
we assume that all syllables are equally 
perceptible. Stated otherwise, we as- 
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sume that frequency as a variable does 
not affect perceptibility. If, continuing 
with the signal pretense, we interpret 
the data to indicate that frequency does 
affect perception—that is, the results 
indicate differences in perceptibility— 
we find ourselves in the position of 
stating that the same data can be ade- 
quately explained by having frequency 
both affect perception and not affect it. 
On the other hand, stating that fre- 
quency does not affect perception, but 
does affect response bias, eliminates 
the contradiction as well as explains 
the data. The lowered stimulus energy 
at which recognition of high-frequency 
words occurs has been interpreted to 
mean that “the more frequently a word 
is used . . . the more readily it can be 
seen" (15). This interpretation is open 
to question since the inverse energy- 
frequency relation from which it is drawn 
may simply be an artifact of coupling an 
ascending energy series to sequential 
progression of a series. 

The results of this study may also 
be relevant for interpretation of articu- 
lation tests. Using $ as referent, con- 
gruence between responses and E’s 
score sheet is used to define sensitivity; 
using the word as referent, such congru- 
ence is used to define intelligibility. In 
the one case, inferences are often made 
about the person; in the other, about 
the perceptibility of the stimulus. 

Both identification and recognition 
involve an accuracy indicator which 
may be heavily influenced by congru- 
ences related to response biases and 
irrelevant to the perceptual issues under 
study. Although this experiment deals 
with nonsense syllables, the frequency 
of which is experimentally varied, the 
author would consider the data as sug- 
gesting, at least, that similar considera- 
tions may hold for studies relating other 
types of frequency to recognition thresh- 
olds; implications of the consideration 
of the role of response bias are drawn for 
other experiments as well in a recent 

methodological analysis of perceptual 
experiments (8). Most recently, Howes 
(9) has interpreted parallels between 
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auditory and visual recognition data 
as relating to response variables, and 
has assigned 69% of the variance in 
intelligibility data to word-frequency. 


SUMMARY 


An experiment was conducted to ascertain 
the extent to which previously reported relations 
between word-frequency and recognition thresh- 
olds could be obtained in the absence of a per- 
ceptual stimulus, and could therefore be ex- 
plained without resort to perception. Twenty- 
five Ss were first given a training session in 
which they repeated nonsense syllables at 
different frequencies. They were then told, 
in a recognition session, that these words woi 
be flashed subliminally; they were to guess until 
accurate. Accuracy was defined as responding 
with the word on Z's score sheet, Blanks were 
presented throughout. 

A logarithmic relation was found between 
frequency of training and frequency of response 
in the recognition session. Since the training 
words appeared equally on Z's score sheet, 
the more frequent responses led to more hits, 
this accuracy-frequency relationship also being 
logarithmic. Since an ascending Method of 
Limits was mimicked, with accuracy terminating 
a series, the more frequent words also scored 
hits earlier, producing lower thresholds. 

The similarity between these results, which 
cannot be ascribed to perception, and the data 
obtained from similar experiments where a 
stimulus has been presented, was interpreted 
as challenging a perceptual interpretation of the 
word-frequency-recognition relationship, where 
similar procedures are utilized. Implications of 
these results for recognition, identification, 
intelligibility, and articulation studies were 
discussed, with the suggestion offered that the 
existence of a contribution to the variance from 
response bias necessitates caution in inferring 
sensitivity or intelligibility (perceptibility) 
from such data. 
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THE INTERSTIMULUS INTERVAL AND THE LATENCY 
OF THE CONDITIONED EYELID RESPONSE ? 


C. ALAN BONEAU 
Duke University 


The effect upon eyelid conditioning 
of the time interval between the 
CS and the UCS has been studied in 
detail, with a rather precise specifica- 
tion of the shape of the function 
emerging from complementary stud- 
ies by Reynolds (12) and Kimble (6). 
Beyond this, recent studies, using the 
technique of changing from one inter- 
stimulus interval to another during 
conditioning, have produced results 
which show that the level of condi- 
tioning can be altered by such manipu- 
lation of the interval. McAllister 
(10), for example, began conditioning 
with an optimal interval and then 
shifted to interstimulus intervals at 
which no conditioning usually occurs. 
For a group shifted from a .5-sec. 
to a 2.5-sec. interstimulus interval, 
the result was a gradual extinction 
| of the CR, a marked contrast to the 
abrupt decline exhibited by a group 
extinguished in the usual manner 
with CS alone. Boneau, King, and 
Kimble (2) have reported a similar 
experiment in which the shift was to 
an interval permitting acquisition 
of a CR. The results of this experi- 
ment were similar to those of Mc- 
Allister. There was also some evi- 
dence that responses appropriate to 
the different interstimulus intervals 
behave independently of one another 
after the shift, 

1 Paper based upon a dissertation submitted 
to Duke University in partial fulfillment of the 
requirements for the degree of Doctor of Philos- 
ophy. Research was carried out while the 
author was research assistant on Grant NSF-G- 
2147. The author is indebted to Gregory A. 
Kimble, as principal investigator, for his part 
in directing the project and for his help in 
preparing the report. 


All of these studies have been 
primarily concerned with the amount 
of conditioning defined in terms of 
percentage of CR's in successive 
blocks of trials. The possibility that 
the interstimulus interval influences 
other measures such as latency has 
largely been ignored. The experi- 
ment reported here studied the effects 
of shifting from an optimal inter- 
stimulus interval to two different non- 
optimal ones and made a detailed 
analysis of the latency of CR's 
associated with different interstimulus 
intervals. 

METHOD 


Apparatus—The eyelid-conditioning appa- 
ratus previously employed at Duke University 
(8) was used in this experiment. This apparatus 
photoelectrically responded to the movement 
of the eyelid. A small aluminum-foil eyelash 
attached to S's right eyelid interrupted a beam 
of light directed at a photocell. Movement of 
the eyelash out of the beam (approximately 
1/8 in. downward excursion at a distance of 
2 in. from the eyelid) was recorded as a blink. 
The S sat in a sound-deadened, lighted cubicle 
with his head resting in a chin-and-head rest. 
Modifications of the apparatus for the present 
experiment included the addition of an Esterline- 
Angus Operations Recorder which recorded 
onset and termination of both the CS and UCS 
as well as the occurrence and termination of 
blinks. In addition to this graphical record, 
a Standard Electric .Ül-sec. timer was utilized 
to get direct measurements of the latency of the 
blink recorded from time of onset of CS. 

The CS was a small light } in. in diameter at 
a distance of 20 in. from S. It remained on 
until the termination of the UCS. The UCS 
was an airpuff, nominally .05 sec. in duration at 
a Pressure equivalent to 50 mm. of mercury. 
It was released by a solenoid valve an! delivered 
from a distance of approximately 4 in. to the 
corner of S's right eye through a nozzle with a 
3/64in. aperture. Intertrial intervals, pro- 
grammed by a motor-operated disc, repeated the 
sequence 12, 10, 16, and 22 sec. 
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— a course requirement. 


Subjects.—Yhe Ss were undergraduate stu- 
dents at Duke University participating to fulfill 
Of the 87 Ss, five were 
rejected because of a high blink rate on a pretest 
(see Procedure), five were classified as voluntary 
responders on the basis of the criterion proposed 
by Spence and Taylor (14) and were discarded, 
Thirteen others were not used because they 
failed to give UCR's on five or more trials during 
the conditioning procedure, presumably because 
of the weak airpuff, 

Procedure.—Of the remaining 64 Ss, 34 
received 50 trials with an interstimulus interval 
of .5 sec. and were then divided into two groups 
equated in terms of mean number of CR's 
in this phase of the experiment. One of these 
groups, the .5-1.0 Shift Group, was then switched 
p 1.0-sec. interstimulus interval for 100 further 

jals. The other group, the .5-1.5 Shift Group, 
received 100 further trials with a 1.5-sec. interval. 
"Two control groups, each consisting of 15 Ss, 
were designated the 1.0 Control Group and the 
1.5 Control Group. These groups received 150 
trials at their appropriate interval. A pre- 
arranged schedule insured randomness of 
assignment of Ss to the shifted group and to the 
two control groups. 

Instructions were those used previously (8) 
with the addition of a statement describing the 
pretest procedure. While instructions were 
recited to S, he was at the appropriate times 
moved into the cubical, fitted with a false eye- 
lash, and adjusted into the apparatus. The S 
then received four airpuffs alone spaced at the 
usual intertrial intervals. This was followed 
by a pretest series of ten presentations of the 
CS alone at a duration of .5 sec. The Ss were 
immediately discarded if on the pretest they 
gave more than four responses to the CS with a 
latency of .5 sec. or less or gave more than six 
responses with a latency of less than 1.0 sec. 
Following the pretest, S received a I-min. rest. 
The S then received his 150 trials with a I-min. 
rest following Trials 40, 80, and 120. No 
ready signal was used. The total time elapsing 
from beginning of instructions to completion 
of the 150 trials was approximately 50 min. 


ReEsuLts 


Definition of the CR.—The CR’s 
in eyelid conditioning have generally 
- been considered to be responses which 
"anticipate the onset of the UCS but 
which are not UCR's to the CS. If 
“test trials are used, CR's are those 
- responses which anticipate the onset 

of the UCS or occur in its absence. 
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Since the latency characteristics of 
responses to different intervals are 
different and since the present experi- 
mental procedure involves a shift 
from an optimum interstimulus inter- 
val to longer ones, the problem of the 
definition of a CR for the specific 
intervals employed had to be faced 
at the outset of the analysis of results. 
In dealing with this problem the 
assumption was made that CR's will 
tend to increase with increasing 
numbers of trials; Based upon this 
assumption, a CR was defined as a 
response in any range of response 
latencies which shows a consistent 
increase in level of responding as 
conditioning proceeds, Operation- 
ally, the distribution of responses by 
latencies for an early stage of condi- 
tioning is compared with that for a 
later stage or stages. That part of 
the distribution which increases from 
one stage to the next constitutes a 
range of response latencies which is 
used to define the CR's for the inter- 
stimulus interval involved. Such a 
procedure automatically compensates 
for the larger number of random 
blinks expected in the interval be- 
tween CS and UCS as its length 
increases by tending to eliminate them 
from consideration as CR's. 

Because of the importance of the 
latency distributions, they are pre- 
sented in Fig. 1, 2, and 3 for the .5-, 
the 1.0-, and the 1.5-sec. interstimulus 
intervals, respectively. For all inter- 
stimulus intervals, the responses are 
presented as a set of five separate 
distributions representing successive 
fifths of the conditioning trials. It 
should be noted that the set of dis- 
tributions for the .5-sec. interval is 
based only upon the first 50 trials 
of the 34 Ss who received their 
original conditioning at that interval 
before being shifted. The other dis- 
tributions are based upon the full 150 
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Fic. 1. Latency distributions of responses to 
5-sec. interstimulus interval. 


trials for each S in the appropriate 
control group. In these figures, the 
columns represent the number of 
responses for latency ranges in .05-sec. 
steps. The designating number be- 
low each bar indicates the maximum 
response latency (measured in .01 
sec.) in that column. Distributions 
are truncated at .25 sec. since a 
negligible amount of responding 
occurred before that point. 
Characteristic of the course of 
responding as shown by the sets of 
distributions is a progressive increase 
in the number of responses in the 
region immediately adjacent to the 
point of application of the UCS. 
There can also be noted a tendency 
for the responses with shorter latencies 
to show an initial increase followed by 
a decrease in level of responding for 
all three interstimulus intervals. 
This is paralleled by a shift of the 
median response latency as indicated 
by the arrows. Another expression 
of this tendency is seen, at least for 
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Fic. 2. Latency distributions of responses to 
1.0-sec. interstimulus interval. 


the .5- and 1.0-sec. interstimulus 
intervals, to be a successive narrowing 
of the range of response latencies 
which shows an increase in level of 
responding when compared with the 
first fifth of trials. This suggests 
that the anticipatory blinks tend 
more and more closely to approximate 
the onset of the UCS. Data of a 
different kind illuminate this process. 
The records from the operations 
recorder permitted an examination 
of the temporal relationship between 
blink and puff. Specifically, it was 
possible to determine whether or not 
the blink preceded the puff and 
whether its duration was long enough 
to overlap the puff. Typically, the 
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records revealed that blinks lasted 
approximately .2 sec., that a sizeable 
number did not overlap the puff and 
thus did not successfully avoid it. 
Analysis of the records for the 1.0 Con- 
trol Group showed a progressive in- 
crease in the percentage of avoiding 
CR’s from 70% for the first fifth to 
90% for the last fifth of conditioning. 
Of the 12 Ss showing a change in per- 
centage of avoiding CR’s, 11 in- 
creased, an event whose occurrence 
by chance has a probability of less 
than .01. 

Thus there is evidence that, as 
conditioning proceeds, there is an 
increase in the percentage of CR’s, 
and also an increase in the precision 
of the timing of the blink so that it 
tends more and more to overlap the 
puff, presumably vitiating its effects. 
Such a finding complicates the at- 
tempt to establish a simple definition 
of the CR since the region of increased 
responding progressively narrows with 
increasing numbers of trials. Rather 
than use a sliding criterion, the follow- 
ing ranges were rather arbitrarily 
decided upon as definitions of CR's 
appropriate to their respective inter- 
stimulus intervals: .31 to .50 sec. for 
the .5-sec. interstimulus interval, .66 
to 1.00 sec. for the 1.0-sec. interval, 
and 1.01 to 1.50 sec. for the 1.5-sec. 
interval. As reference to the latency 
distributions will show, these ranges 
fairly adequately satisfy the principle 
which designates as CR’s only those 
responses which show a consistent 
increase in level of responding with 
practice. Such a definition is for the 
1.5-sec. interval least satisfactory. 
However, the set of distributions for 
that interval reflect a large number 


of double blinks, the first occurring 


at approximately .4 sec. and the 
second about 1.0 sec. later, which 6 
of the 15 Ss produced. Since the 
significance of the first blink was 
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Fic. 4. Distribution of response latencies o 
1.5 Control Group for all trials. 


rather obscure, it was decided to 
ignore it at least for the purpose of 
establishing a definition of CR com- 
parable to those for the other inter- 
stimulus intervals. It is interesting 
to note that, due to the double 
blinks, the level of responding for 
the 1.5 Control Group was highest 
in the region just preceding „5 sec. 
Figure 4 presents the total responses 
summed over all 150 trials for the 
1.5 Control Group, grouped by inter- 
vals of 1/10 sec. The marked simi- 
larity of the first half of this curve to 
idealizations of the curve relating 
amount of conditioning to inter- 
stimulus interval, as in Kimble (7, 
p. 212), is provocative.” 

Learning curves.—Conditioning func- 
tions plotting percentage of CR’s as 
defined above on successive blocks 
of trials are similar to those usually 
obtained (6, 12) with relative per- 
formance best for the .5-sec. interval 


2 Hull (5, p. 106) predicted a response curve 
similar to that of Fig. 4. He assumed the CS 
in actuality to be the internal stimulus trace 
resulting from the application of the experi- 
mental CS. Since the intensity of the trace 
presumably rises for the first half-second, then 
declines, there should occur some responses 
early in the interstimulus interval when the 
trace has about the same intensity as at the 
point where the UCS is applied. Then should 
occur a generalization decrement as the trace 
increases in intensity before declining to its 
value at the point of application of UCS. 
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and poorest for the 1.5-sec. interval. 
The effects of shifting from a short to 
a long interstimulus interval appear 
in Fig. 5. Here the responses appro- 
priate to the short interval—i.e., 
lying in the latency range .31 to .50 
sec.—of the .5-1.0 Shift Group are 
compared with like responses for the 
.5-1.5 Shift Group. For the first 50 
trials during which the interstimulus 
interval is .5 sec. for both groups, the 
percentage of CR's increased for both 
groups. After the shift to a longer 
interstimulus interval, however, these 
short interval responses gradually 
approached a level of less than 1097. 
There is a suggestion that these 
responses extinguished more rapidly 
for the group for which the shift 
was greatest, but the difference was 
not significant. By the Kolmogorov- 
Smirnov test, used because of the 
marked non-normality of the extinc- 
tion data, the difference was significant 
at approximately the 20% level. 
After the shift from a short to a 
long interstimulus interval, responses 
appropriate to the new interstimulus 
interval exhibited an increasing per- 
centage by blocks of 10 trials. The 
acquisition curve for these responses 
following the shift of interval was 
compared with the acquisition curve 
for the appropriate control group to 
determine whether or not the previous 
conditioning at the shorter interval 
had an effect on the acquisition of 
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Fic. 5. Comparison of response curves for 
.5-1.0 Shift Group and .5-1.5 Shift Group. 
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the long interval responses. Figure 
6 makes this comparison between the 
10 blocks of 10 trials following the 
shift for the .5-1.0 Shift Group and 
the acquisition curve for all responses 
for the 1.0 Control Group. There 
can be no question of the lack of a 
significant differehce between the two 
curves. A similar but not quite so 
striking result (not presented here) 
holds for the groups conditioning 
with an interstimulus interval of 1.5 
sec. Apparently, the performance 
during conditioning for the longer 
interstimulus intervals increases at 
the same rate whether or not Ss had 
been conditioned previously with a 
shorter interstimulus interval. 

This same finding by Boneau, King, 
and Kimble (2) had led to a considera- 
tion of the possibility that the distri- 
bution of response latencies simply 
changed in temporal position by 
sliding through the region intermedi- 
ate between the two which define 
CR's. If this were so, the inter- 
mediate region should exhibit a greater 
level of responding for the shift group 
following the shift than is exhibited by 
the control group. Such was not the 
case; nor is it in the present experi- 
ment. Figure 7 presents the level of 
responding for all blocks of 10 trials 
of the 1.0 Control Group in the inter- 
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Fic. 7. Comparison of responses with latency 
.51 to .65 sec. for .5-1.0 Shift Group and 1.0 
Control Group. 


mediate region of latencies, .51 to .65 
sec., as well as the corresponding 
responses for the 10 blocks of trials 
of the .5-1.0 Shift Group which 
occurred after the shift. The simi- 
larity between the two curves is 
marked even to the slight rise in 
response level for both groups during 
the fourth block of ten trials after 
the beginning of conditioning at this 
interstimulus interval. For both 
groups, the peak can be attributed to 
the previously observed increased 
level of responding at the shorter 
latencies early in conditioning. As 
before, the results for the 1.0 groups 
were paralleled by the results for the 
1.5 groups, which are not presented 
here. 
Discussion 


The results of shifting from an optimal 
interstimulus interval to a longer, non- 
optimal one may be summarized briefly. 
First, as in McAllister's study (10), 
the responses appropriate to the shorter 
interval extinguish gradually. Secondly, 
the responses appropriate to the longer 
interstimulus interval, simultaneously 
with the above, describe an acquisition 
curve indistinguishable from that of a 
control group conditioning only at the 
longer interval. Apparently condition- 
ing at the shorter interval has no effect 
on the acquisition of the response 
appropriate to the longer interval. 
Thirdly, in the interval of latencies 
between those intervals which define 
CR's, the level of responding seems to be 
the same as that for the appropriate 
control group after a similar amount 
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of conditioning at the longer interval. 
This latter fact is evidence that the 
distribution of response latencies does 
not shift in temporal locus in a con- 
tinuous fashion from the region appropri- 
ate to the first interstimulus interval 
to that appropriate to the second inter- 
val The responses appropriate to the 
two interstimulus intervals thus seem 
to demonstrate independence, one ex- 
tinguishing at the same time the other 
shows acquisition, with no evidence of 
interaction between the two processes. 
These results constitute in detail a 
replication of the results of the Boneau, 
King, and Kimble study. 

From the above results, the prediction 
may be made that the result of a shift 
from one interstimulus interval to a 
longer one will be, if all anticipatory 
responses are considered, simply a grad- 
ual change to a level of responding which 
would have been obtained had the 
conditioning been only at the longer 
interstimulus interval. This is so since 
the short interval responses will ex- 
tinguish to a level of random responding, 
the long interval responses will approach 
their appropriate asymptote, and the 
level of all other responses will be the 
same under both conditions. 

The additional finding of the present 
experiment that the region of increased 
responding, which is used to define CR's, 
narrows with increased training raises 
an important issue. Such an increase 
in latency as a result of training is in 
disagreement with certain available evi- 
dence. In the well-known studies of 
Pavlov (11, pp. 91-102), the salivary 
response for intervals of a few minutes 
or less typically decreases in latency so 
as to follow the CS immediately. In 
another study to which frequent refer- 
ence is made, Campbell and Hilgard 
(3) report a fairly strong inverse rela- 
tionship (r = —.54) between latency 
and frequency of CR in the eyelid condi- 
tioning situation, seemingly the opposite 
of the present results. The latter dis- 
crepancy may be accounted for by a 
consideration of the conditions under 
which the Campbell and Hilgard experi- 
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ment was conducted. The photographic 
method of recording utilized by them 
necessitated conditions conducive to 
dark adaptation of $. As Grant and 
Norris (4) have shown, dark-adapted Ss 
tend to respond to light with a blink 
("beta" response) having a latency of 
.12 to .24 sec. The fact that the bulk 
of responses reported by Campbell and 
Hilgard fell in this range would suggest 
that the decrease in latency of responding 
reported by them was due to increasing 
numbers of beta responses rather than 
a decrease in the latency of the true CR. 

In considering the Pavlov results, it 
must be remembered that the salivary 
response of the dog is very dissimilar 
to the human eyelid response, and the 
possibility exists that the two responses 
may function quite differently. A strik- 
ing feature of the eyelid response, for 
example, is the adaptiveness of the 
change of precision of the blink so that 
it tends more and more to avoid the puff. 
Once the CR appears, it behaves as an 
instrumental response in that its char- 
acteristics can be altered by the rein- 
forcing contingencies in the situation 
since analysis of the nonavoiding re- 
sponses has demonstrated that the 
change in latency is indeed related to the 
reinforcement properties. "This assumes 
that avoidance of the puff is a reinforcing 
state of affairs, and that responses. with 
latencies such that the puff is avoided 
tend to occur predominantly as a result 
of differential reinforcement. In much 
the same way, bar presses of a specified 
pressure tend to occur when reinforce- 
ment is made contingent upon a response 
of that specific pressure (1). The micro- 
molar approach of Logan (9) would seem 
to find a meaningful application here. 
If blinks of different latency are con- 
sidered to be different responses, rein- 
forcement of blinks having latencies such 
that the puff is avoided would thereby 
increase in response strength, while 
nonavoiding blinks would tend to ex- 
tinguish. The consideration of responses 
of different latencies as being different 
responses is rendered more tenable by 
the observation of the seemingly inde- 
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pendent behavior of responses appropri- 
ate to the long and short interstimulus 
intervals following the shift. Spence 
(13) also has reported results showing 
systematic changes in latencies of condi- 
tioned eyelid responses. Specifically, 
for high-level conditioning Ss the latency 
decreased, while for low-level condi- 
tioners an increase in latency resulted 
as conditioning progressed. While no 
explanation for these divergent results 
was presented, Spence suggested that 
the latency of the response may be 
what is learned. The present results 
support this contention. 

If the preceding analysis is correct, 
the latency characteristics of the classic- 
ally conditioned eyelid response may be 
modified by reinforcing contingencies 
inherent in the situation so that the 
response tends to maximize the rein- 
forcing potential present. The Pav- 
lovian results also are amenable to such 
a treatment. It is only necessary to 
make the reasonable assumption that 
saliva in the mouth of the dog at the 
same time food powder or acid is applied 
to the tongue is a reinforcing state of 
affairs. If this be so, then, up to a point, 
more saliva, the result of a CR with a 
shorter latency, should be even more 
reinforcing. The observed decrease in 
latency would easily follow from the prin- 
ciple of maximization of reinforcement. 

A further interesting difference be- 
tween eyelid and salivary conditioning 
can be predicted from such an analysis. 
We assume that the simultaneity of CR 
and UCS is essential for strengthening 
response tendencies beyond an initial 
level. In temporal conditioning the 
simultaneous occurrence of two ex- 
tremely short events such as blink and 
puff should approach zero probability 
with increasing intertrial intervals. Pre- 
cision of timing seems much less im- 
portant in the case of salivation and 
food since salivation is a cumulative 
process. As a result, we would expect 
that strengthening of the temporal 
conditioned response would be relatively 
easy for salivation and virtually im- 
possible for the eyeblink. 
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SuMMARY 3. CAMPBELL, A. A. & Hircagp, E. R. In- 
> i TAN dividual differences in ease of condition- 
* Three groups were given eyelid conditioning ing. J.exp. Psychol., 1936, 19, 561-571. 
trials with interstimulus intervals of .5, 1.0, or 4. Grant, D. A, & Norris, E. B. Dark 
1.5 sec. The group conditioning at the .5-sec. adaptation as a factor in the sensitization 
interval was subdivided into two groups, each of the beta response of the eyelid to light. 
of which was further conditioned at one of the J. exp. Psychol., 1946, 36, 390-397. 
other intervals. Ranges of latencies defining 5. Hutt, C. L. A behavior system. New 
CR’s for each of the interstimulus intervals Haven: Yale Univer. Press, 1952. 
were established by considering the ranges of 6. Kere, G. A. Conditioning as a function 
response latencies which showed a consistent of the time between conditioned and 
increase in level of responding with practice. unconditioned stimuli. J. exp. Psychol., 
It was discovered that the latency of the response 1947, 37, 1-15. 
tended to increase with conditioning and that — 7. Krwmte, G. A. Principles of general 
the percentage of blinks which succeeded in psychology. New York: Ronald Press, 
avoiding the puff also increased. This fact was 1957. 
discussed with reference to the usual assumption 8. Kime, G. A., Mann, L. I., & Duronr, 
and evidence that latency decreases in the course R.H. Classical and instrumental eyelid 
of conditioning and an attempted reconciliation conditioning. J. exp. Psychol., 1955, 49, 
was made in the empirical conflict. Using the 407-417 
definitions of CR’s from the preceding analysis, 9. Loca, F.A. A micromolar approach to 
learning curves were constructed which showed behavior theory. Psychol. Rev., 1956, 


63, 63-73. 
10. McAusrer, W. R. Eyelid conditioning 
as a function of the CS-US interval. 


that, after the shift from short to long inter- 
stimulus interval, the responses appropriate 


to the short interval showed a gradually dimin- J. exp. Psychol., 1953, 45, 417-422. 

ishing level while, at the same time, the level 11, Pavzov, I. P. Conditioned reflexes. (Trans. 

of responding of responses appropriate to the by G. V. Anrep.) London: Oxford Univer. 

long interval increased at the same rate as Press, 1927. 

for the groups having no conditioning expe- 12. Rzvworps, B. The acquisition of a trace 

rience. conditioned response as a function of the 
magnitude of the stimulus trace. J. exp. 
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EFFECTS ON VERBAL LEARNING OF ANXIETY, 
REASSURANCE, AND MEANINGFULNESS 
OF MATERIAL! 
IRWIN G. SARASON 
University of Washington 


Several studies in recent years have 
contributed to our knowledge of the 
effects of anxiety as measured by 
questionnaires on the performance of 
Ss in stressful and nonstressful (neu- 
tral) situations (e.g., 2, 4, 10). The 
following are a few of the generaliza- 
tions one might make on the basis 
of some of this experimental evidence. 

Under conditions of personal threat 
induced by experimental instructions 
(e.g., motivational instructions or 
failure reports) high-anxious Ss tend 
to perform at a lower level than do 
low-anxious Ss on tasks such as those 
often used in verbal learning experi- 
ments (4, 5, 10, 11, 12). Under 
neutral, nonthreat conditions (to the 
extent that such conditions can be 
experimentally created) high-anxious 
Ss appear to perform on at least as 
high a level as do low-anxious Ss on 
similar tasks (4, 5, 10, 11,12). There 
is a suggestion that different anxiety 
scales, e.g., test and general anxiety 
questionnaires, may lead to different 
kinds of relationships in certain kinds 
of situations (8, 13). It may well 
be that the more specific the anxiety 
scale is to situations which are similar 
to the experimental situation, the 
more will the measure of anxiety 
be related to performance. 

'The evidence for these generaliza- 
tions also provides a basis for an 


l'This research was supported in part by 
grants from the Agnes H. Anderson Research 
Fund and the Graduate School Research Fund 
of the University of Washington. The writer 
is indebted to Robert E. Farley for his assistance 
in carrying out this experiment. 
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initial attempt to conceptualize the 
variable or variables being tapped by 
anxiety scales. High-anxious Ss may 
differ from other Ss in the extent 
to which their performance is dis- 
rupted by task-irrelevant responses 
when they perform under stress 
(2, 5, 16). It may be conjectured 
that there are at least two possible 
classes of interfering responses: (a) 
self-verbalization, e.g., “This test is 
too hard for me," *I am stupid," 
and (b) autonomic anxiety responses, 
e.g., accelerated heart rate, sweating, 
etc. Since these hypothesized inter- 
fering responses are assumed to be 
elicited to a much greater degree in 
high-anxious Ss than in low-anxious 
Ss under conditions of personal threat, 
and if they are indeed "interfering" 
responses, the relatively greater dis- 
ruption in the performance of high- 
anxious Ss after personal threat would 
be expected. Under nonthreatening 
conditions the arousal of interfering 
responses would not necessarily be 
expected either in high- or low-anxious 
Ss. 

Present knowledge of the ante- 
cedent conditions of such interfering 
responses is very meager. If, how- 
ever, it is assumed that the interfering 
responses aroused under certain moti- 
vation conditions are learned re- 
sponses, it seems fruitful to explore 
the conditions which would lead to 
the extinction of those interfering 
responses. This was the principal 
purpose of the present experiment. 

Tf high- and low-anxious Ss are 
placed in a learning situation and 
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are given only the instructions neces- 
sary to communicate how they are to 
carry out the task, important dif- 
ferences between high- and low- 
anxious Ss would not necessarily be 
expected. However, the high-anx- 
ious Ss may, even so, interpret the 
experimental situation as personally 
evaluative. Therefore, it can be 
inferred that even under neutral 
conditions high-anxious Ss emit re- 
sponses which could compete with 
task-appropriate responses. Available 
data indicate that under neutral 
conditions high-anxious Ss appear to 
do as well as low-anxious Ss on many 
intellectual tasks (5, 10, 11, 12). 
Therefore if such interfering responses 
were reduced in number or strength 
prior to performance, high-anxious Ss 
should perform at a higher level than 
would low-anxious Ss. The present 
experiment attempts to reduce the 
effects of interfering responses by the 
use of “reassurance” instructions. 
Another important variable in 
evaluating the effects of anxiety and 
experimental instructions on per- 
formance is the nature of the task (3, 
4, 6). A very difficult task, for 
example, may lead to a greater decre- 
ment in performance for high-anx- 
ious Ss than for low-anxious Ss, not 
because of the task's difficulty per se 
but because a more difficult task may 
arouse much more anxiety (i.e., more 
interfering responses) than would a 
simple task for high-anxious Ss (9). 
Also, some evidence suggests a pos- 
sible interaction between anxiety and 
difüculty of task as defined, for 
example, by the strength of com- 
peting responses in a list of nonsense 
syllables (3, 4, 6). As a consequence 
of these considerations, two levels of 
difficulty of task were employed in the 
present experiment. Thus, there were 
three variables in our experiment: 
(a) anxiety, high and low scorers; (b) 
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instructions, reassurance and neutral; 
and (c) task difficulty, two lists of 
words differing in their meaning- 
fulness. 

Two, instruments were used to 
assess anxiety. One instrument was a 
Test Anxiety Scale (TAS) developed 
by the writer (14); the other instru- 
ment was Bendig’s short form of the 
Taylor Manifest Anxiety Scale (MAS) 
(1). These two scales were used to 
assess the importance of the speci- 
ficity of anxiety scales mentioned 
earlier. If the anxiety scale most 
closely related to the kinds of anxie- 
ties which might be aroused in a 
given situation leads to the most 
meaningful results, then the present 
results would be expected to more 
closely adhere to the stated expecta- 
tions when Ss were categorized in 
terms of TAS than when categorized 
in terms of the MAS which contains 
no items specifically concerned with 
reactions to test situations. For 67 
college women and 309 college men, 
Pearson product-moment correlations 
between TAS and MAS of .49 and .41, 
respectively, have been reported (15). 


METHOD 


Subjects —The Ss were 76 students taking an 
introductory psychology course at the Univer- 
sity of Washington. For the TAS scores the 
mean, median, and SD of the obtained distribu- 
tion were 5.45, 5.61, and 3.23, respectively. 
The range was 0-16. The Ss with TAS scores 
of 6 and over were assigned to high-TAS groups, 
and Ss with scores below 6 were assigned to low- 
TAS groups. Since there were more Ss in the 
groups receiving standard instructions than 
those receiving reassurance instructions, it 
became necessary to randomly discard 12 Ss 
from the former groups in order to have equal 
Ns of 8 Ss per treatment group. This was done 
in order to carry out the analyses of variance 
involving repeated measurements to be described 
below. 

For the same reason, 12 Ss were randomly 
discarded for the MAS analysis of variance. 
The mean, median, and SD of the MAS score 
distribution were 4.75, 4.47, and 3.65, respec- 
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TABLE 1 
Lists or DISSYLLABLES DIFFERING IN MEANINGFULNESS AS 
Derinep By NoBLE's m VALUES 
Low Meaningfulness High Meaningfulness 
.99 GOJEY 1.28 NARES 8.98 MONEY 6.24 INCOME 
1.04 NEGLAN 1.28 ZUMAP 8.33 DINNER 6.02 HUNGER 
179 BRUGEN 1.34 NOSTAW 7.95 OFFICE 5.98 REGION 
124 XYLEM 1.30 POLEF 5.47 KEEPER 5.61 MALLET 
1.24 TAROP 1.39 BODKIN 7.70 JELLY 5.94 LEADER 
1.74 DAVIT 1.26 LATUK 7.39 INSECT 5.52 KENNEL 
1.22 BALAP 1.13 BYSSUS 7.12 ZEBRA 8.12 WAGON 
1.73 MATRIX 1.55 KUPOD 7.58 JEWEL 5.13 EFFORT 
1.27 GOKEM Mean = 1.34 6.57 UNCLE Mean = 6.80 


tively. The range was 0-16. The Ss assigned 
to high-MAS groups had scores of 5 and greater, 
while low-MAS Ss had scores of 4 and below. 

Test materials.—The Test Anxiety Scale 
(TAS) consists of 17 True-False items dealing 
with S’s reactions before, during, and after 
taking examinations (14). The present TAS 
represents a transformation of the graphic 
rating scale Test Anxiety Questionnaire (5) 
into true-false terms. 

The Taylor MAS measure used was Bendig’s 
20-item short form (1). Bendig has presented 
evidence which indicates that his 20-item MAS 
scale possesses slightly less reliability than does 
the 50-item MAS but probably contains the 
20 most valid items of the 50 Taylor MAS items. 

Learning materials.—In order to manipulate 
the variable of task difficulty two lists of verbal 
stimuli differing in meaningfulness as defined by 
Noble (7) were used. Table 1 presents the two 
17-item lists employed. The mean m value for 
the high-meaningful list was 6.80, and for the 
low-meaningful list, 1.34. 

Procedure .—Several weeks prior to participat- 
ing in the verbal learning, all Ss had taken the 
two anxiety scales, The Ss were given no basis 
for assuming a relationship between the anxiety 
scales and the verbal learning. 

Each list of 17 dissyllable words was exposed 
on a memory drum with a 2-sec. exposure per 
word and 6-sec. between trials. Each S re- 
ceived 25 trials on the appropriate list.? Learn- 
ing was by the anticipation method, asterisks 
served as cues for anticipating the first word, 
and Ss were never informed about the criterion 
being used to determine the termination of the 
learning task. The E was unaware of Ss’ 


2 [n those cases where S had five consecutive 
perfect trials E ended the experimental session 
at the end of the fifth consecutive perfect trial 
and S was assigned perfect scores for the 
remainder of the 25 trials. 


anxiety scores at the time of running the verbal 
learning study. 

The following instructions were given to all 
Ss upon entering the experimental situation: 
“You will see words appearing in this opening 
one at a time. After a word is presented, call 
out the next one before it appears. Of course, 
the first time through the list you won’t be able 
to anticipate any words, but after that call out 
the word before it appears in the window. 
Prior to the beginning of each new trial there 
will be a short rest in which you will see blank 
spaces in the opening. Asterisks will indicate 
that the first word in the list will appear next. 
When you see them call out the first word. 
Do you understand?” 

The Standard instructions groups received 
only those instructions; the Reassurance in- 
structions groups received in addition the follow- 
ing statement from Z prior to being administered 
the standard instructions: "Before we start, 
perhaps I could mention a few things that will 
be helpful to you in the learning of the list I am 
going to show you on this memory drum. 
Many people get unduly upset and tense because 
they do not learn the list in just a few trials. 
If you don't worry about how you are doing but 
rather just concentrate on the list, you will find 
you learn much more easily. These kinds of 
lists are hard and so it's no surprise or matter of 
concern if you progress slowly at first and make 
mistakes," 

A person other than E was responsible for 
assigning Ss to the experimental treatment. 


Rrsurrs 


'The data for the 25 trials were 
grouped into 5 blocks of 5 trials each. 
The score used in the analyses of 
variance was the number of correct 
responses per block. 
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TABLE 2 
Mean NUMBER or Correct Anticirations For 5 Brocks or 5 Triats EACH 
ror Ss CaTecorizep on Basis or Test Anxtety Scare (TAS) 
High TAS Low TAS 
Trial Reassurance Standard iecit Standard 
Block 
High Lo High Lo i 
Meanie Meaning SEES EE Meaning Mess Mesing Menting 

1 17.38 9.88 20.88 iu 16.75 3.88 23.63 5.00 

2 40.50 25.13 44.63 13.00 34.50 14.88 52.88 19.13 

3 60.50 36.38 66.63 23.38 56.38 27.50 72.00 36.38 

4 75.25 49.25 78.13 33.38 64.00 36.00 81.63 51.25 

5 82.13 54.63 79.38 38.25 71.38 43.88 80.75 63.88 


Test Anxiety Scale—Table 2 pre- 
sents the mean number of correct 
anticipations for the eight experi- 
mental groups for the five blocks of 
trials. Table 3 presents the results 
of the 2 X 2 X 2 X 5 repeated meas- 
urement analysis of variance per- 
formed on the TAS data. As might 
be expected, the F for meaningfulness 
was highly significant (P < .001) 
with a greater number of correct 


TABLE 3 


Summary or TAS Anatysis oF VARIANCE OF 
CORRECT ÅNTICIPATIONS FOR 5 
Brocks or 5 Trrats EAcH 


Source df MS F 
Test Anxiety (TAS) 1 23] — 
Meaningfulness (M) 1/55,862.45 | 77.25*** 
Instructions (I) 1| 973.01 1.35 
TAS X M 1 117.61 = 
TAS XI 1| 5,445.00} 7.53** 
MXI 1| 1,757.81 2.43 
TASXMXI 1| 649.75 eer 
Error (b) 56| 723.01 
Trial Blocks (T) 4 28,422.19 | 460.88*** 
TAS X T 4 23.37 es 
MXT 4| 993.87 | 16.12*** 
IXT 4 26.50 zs 
TASXMXT 4| 16299| 2.64* 
TASXIXT 4 2.11 E 
IXMXT 4| 117.13 1.90 
TASXMXIXT| 4| 366.83 5.95***- 
Error (w) 224 61.67 
*P = 05. 
P= O01, 
** P = 001. 


anticipations given to the high- than 
to the low-meaningful lists. As ex- 
pected, a significant F (P < .01) 
was obtained for the TAS X Instruc- 
tions interaction. As Table 1 indi- 
cates, high-TAS Ss performed at a 
higher level under the Reassurance 
than under the Standard instruc- 
tional condition. Low-TAS Ss, on 
the other hand, performed at a higher 
level under the Standard than under 
the Reassurance conditions. Thus, 
the differential instructions had op- 
posite effects for high- and low-TAS 
Ss. 

The Trials X Anxiety X Meaning- 
fulness interaction (P < .05) was 
largely attributable to differences be- 
tween high- and low-TAS groups on 
the high- and low-meaningful material 
for the fifth block of trials. On that 
block for high-meaningful groups, 
high-TAS Ss were superior to low- 
TAS Ss. For low-meaningful ma- 
terial on the same block, low-TAS Ss 
were superior to high-TAS Ss. 

The significant Trials X Meaning- 
fulness interaction (P < .001) indi- 
cates the learning curve for the high- 
meaningful material to be more steep 
than the curve for low-meaningful 
material early in learning and less 
steep late in learning. 
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Manifest Anxiety Scale.—The re- 
sults of the 2 X 2 X 2 X 5 analysis 
of variance performed using MAS as 
the measure of anxiety revealed only 
two significant Z's—those for Mean- 
ingfulness (P « .001) and for Trials 
(P < .001), Again performance was 
on a higher level under the high- 
meaningful list than under the low- 
meaningful list. 


Discussion 


In general, the results obtained in 
this experiment tended to support the 
stated expectations. There was no tend- 
ency toward an interaction between 
anxiety and instructions using MAS as 
the measure, but this interaction was 
significant for TAS. 

This finding would appear compatible 
with the assumption that high-anxious 
Ss bring with them into situations certain 
response tendencies which may interfere 
with performance. The reassurance con- 
dition seemed to reduce the effect of 
these interfering responses. 

How might one account for the detri- 
mental effect of reassurance for low-TAS 
Ss for both levels of meaningfulness? 
One fairly obvious possibility is that the 
reassurance for low-TAS Ss functioned 
to reduce their ego involvement in the 
task on which they were performing. If 
S is told that errors will inevitably occur, 
one conclusion which some Ss might 
have drawn is that efforts at reducing 
errors will be of little value. Thus, for 
low-TAS Ss, reassurance may have been 
a cue to "take it easy.” 

The present findings suggest that 
the more specific the psychometric 
measures of anxiety is to the class of 
situations in which we may be interested 


*It would be of considerable interest to 
replicate the present study using very extreme 
high- and low-anxiety groups. On the basis of 
the present results and our interpretation of. 
anxiety, we would expect that using high- and 
low-TAS groups more extreme than those used 
in this experiment would increase this inter- 
action effect. 
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the more useful apparently will the 
anxiety measure be. 

An interaction between anxiety and 
task difficulty of the type reported by 
Montague (6) was not obtained in this 
study. However, the Trials X Anxiety X 
Meaningfulness interaction and the four- 
factor interaction obtained for the TAS 
analysis suggest that difficulty of task 
and anxiety may be complexly related 
to each other. 


SuMMARY 


Effects on performance in verbal learning were 
measured for (a) anxiety as defined by Test 
Anxiety Scale scores and Taylor MAS scores 
(Bendig revision), (b) meaningfulness of ma- 
terial (Noble's m values), and (c) experimental 
instructions. The experimental instructions 
were: (a) standard instructions (S merely in- 
formed of the required manner of response to the 
memory drum), and (b) reassurance instructions 
(S informed that many errors were to be ex- 
pected on the type of task on which he was 
performing and that he should not worry about 
making many errors). In a repeated measure- 
ment analysis of variance design the effects of 
the three experimental variables and their 
interactions with trials were assessed. 

The results showed that for Test Anxiety, 
there was a significant interaction between Test 
Anxiety (high and low) and the kind of instruc- 
tions (reassurance and standard) administered 
toS. It was found that the reassurance instruc- 
tions were relatively facilitative for high Test 
Anxiety Ss and relatively detrimental for low 
Test Anxiety Ss. Under the standard instruc- 
tional condition the performance of low Test 
Anxiety Ss appeared to be facilitated whereas 
just the opposite seemed to be true for high Test 
Anxiety Ss. When the data were analyzed in 
terms of Taylor MAS, there were no effects 
involving anxiety which attained significance. 
The results were discussed in terms of an inter- 
fering response interpretation of anxiety. 
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THE RELATIONSHIP OF STIMULUS SIMILARITY 
AND NUMBER OF RESPONSES! 


JACK RICHARDSON 


Harpur College 


The experimental tasks reported 
as examples of concept formation 
vary in many respects but seem 
to have two common characteristics 
which also serve to distinguish them 
from rote-learning tasks. The same 
response is correct for more than one 
stimulus and the stimuli which are 
designated by identical responses 
are discriminatively different but are 
“similar” in some way (have com- 
mon elements, belong to the same 
class, etc.) while the stimuli desig- 
nated by different responses are less 
similar. 

Although verbalization of the basis 
of classification is often used as the 
criterion of concept attainment, there 
are two major methods of presenting 
concept examples and each has an- 
other criterion of concept learning or 
attainment. The first method pre- 
sents single examples of each concept 
until the correct responses are learned 
and then presents a different example 
of each concept and requires the same 
response (e.g., 1, 7, 9). The cri- 
terion of concept learning is the 
tendency for new examples of a 
concept to evoke the same response 
as the previous examples. This type 
of concept study resembles rote- 
learning studies of transfer in paired 
associates where the stimuli are simi- 
lar and the responses identical (e.g., 


1This research was supported by Grant 
G2594 from the National Science Foundation to 
the Research Foundation of State University of 
New York. Completion of this study was made 
possible by the cooperation of Paul Gimmie, 
Charles Traphagen, Malcolm Piester, and the 
students of Vestal Central School who served 
as Ss. 
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4, 15). Positive transfer from A-B 
to A’-B is expected in both, but A 
and A’ are examples of the same 
concept in the concept studies while 
in the transfer studies A and A’ have 
been rated as similar. 

The second method presents several 
examples of a concept without re- 
quiring the correct response for the 
previous examples (e.g., 3, 10, 11). 
The criterion for concept learning 
is the tendency for each example of 
the concept to evoke the same re- 
sponse. In these studies it would be 
possible to learn the correct response 
to each concept example independ- 
ently, but it is assumed that assigning 
the same response to each example 
of a concept facilitates learning. 
Apparently there is positive transfer 
between examples of the same con- 
cept. To apply this method to 
rote-learning materials would require 
lists in which similar stimuli are 
paired with the same response. 

There is some indication that 
similarity ratings are useful in pre- 
dicting the relative difficulty of con- 
cepts (13). If stimulus similarity 
and number of responses are relevant 
to the differences between rote learn- 
ing and concept learning then it 
should be possible to produce results 
characteristic of concept learning by 
manipulating rote-learning materials. 
The results should conform to the 
laws of transfer in verbal learning 
and at the same time show the 
faster learning and apparently better 
retention of concepts (10, 11, 12). 

"The present study is concerned with 
paired-associate lists in which the 


STIMULUS SIMILARITY AND NUMBER OF RESPONSES 


number of stimuli were held constant 
while the similarity of the stimuli 
and the number of different responses 
were varied. Of course, the im- 
portant thing is the relationship be- 
tween the stimulus similarity and 
the number of responses rather than 
either isolated from the other. One 
of the lists resembles the second 
method of concept presentation in 
that highly similar stimuli are desig- 
nated by the same response while 
there are different responses for low- 
similarity stimuli. 


METHOD 


Lists,—Nine lists of 16 pairs were constructed 
with adjectives from Haagen (6) as stimuli and 
nonsense syllables from Glaze (5) as responses. 
The only differences in the lists were the number 
of different syllables used as responses and the 
similarity of the stimuli which were paired with 
a response. The design may be considered 
factorial with three different numbers of re- 
sponses and three stimulus similarity relation- 
ships. Low-similarity adjectives were used as 
stimuli for three of the lists and consisted of 16 
adjectives with no apparent or rated similarity, 
The high-similarity adjectives consisted of four 
groups of four highly similar items and were 
used as stimuli in six of the lists. The nonsense 


479 


syllables were of either 47% or 53% association 
value, of minimum formal similarity, and either 
2, 4, or 8 different syllables were correct as 
responses for all 16 stimuli in a list. 

The nine lists are presented in Table 1 with 
the high-similarity stimuli in Column 1, the 
low-similarity stimuli in Column 2, and the 
responses which were paired with the stimuli in 
Columns 3-8. The headings of the columns 
containing the responses designate the different 
lists with the number indicating the number of 
different responses in the list and the letters 
indicating that the responses in that column 
were paired with the low (L) or the high- 
similarity (Ha and Hr) stimuli. For each dif- 
ferent number of responses there were two 
pairings with the high-similarity stimuli. In 
one there was high intraresponse stimulus 
similarity (Ha), i.e., the responses were assigned 
so there was maximum similarity between 
stimuli paired with the same response. In 
the other there was high interresponse stimulus 
similarity (Hr), i.e., there was maximum simi- 
larity between stimuli paired with different 
responses. 

It should be noted that only in the lists 
with four responses is it possible to assign a 
different response to each group of similar 
adjectives or to assign a single adjective from 
each similarity group to one response, 

Procedure:—The 16 pairs in each list were 
arranged in three random orders and presented 
with a 16-mm. strip-film projector. The pairs 
were flashed from the back of a screen so that 
S could not see either Æ or the projector during, 


TABLE 1 
Lists 
Stimuli Responses 
Item 29 

High Low AL | ane | dae tH | ome | SH 

1 | DOUBLE VERBAL BIH BIH BIH BIH BIH BIH 
2 | DUAL TWOFOLD BIH ZET BIH VOM | BIH SUJ 
3 | PAIRED HALLOWED BIH BIH BIH RUK | SUJ VOM 
4 | TWOFOLD DARING BIH ZET BIH ZET SUJ NAC 
5 | SACRED PERFECT BIH BIH VOM | BIH VOM | BIH 
6 | DIVINE DIRTY BIH ZET | VOM | VOM | VOM | SUJ 
7 | HALLOWED | REMOVED BIH BIH VOM | RUK | NAC | VOM 
8 | HOLY RISING BIH ZET VOM | ZET NAC | NAC 
9 | SPOKEN ROBUST ZET BIH RUK | BIH RUK | RUK 
10 | ORAL FLUID ZET ZET RUK | VOM | RUK | YAD 
11 | VERBAL PLAYFUL ZET BIH RUK RUK | YAD | ZET 
12 | VOCAL GLEAMING ZET ZET RUK | ZET YAD | QIX 
13 | TRANQUIL | URGENT ZET | BIH | ZET | BIH | ZET | RUK 
14 | PEACEFUL OPEN ZET ZET ZET VOM | ZET YAD 
15 | QUIET STEADY ZET BIH ZET RUK | OIX ZET 
16 | SERENE LITTLE ZET ZET ZET ZET QIX QIX 
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the presentation. The stimulus of each pair 
was presented for 2 sec. followed by a 2-sec. 
presentation of the stimulus and response 
together. There was a 4-sec. intertrial interval. 

‘Twenty-four different Ss learned each list; 
12 Ss were college students from introductory 
psychology courses and 12 were junior or senior 
high school students, The Ss from each of the 
two groups of students were assigned to lists 
as they appeared at the laboratory. None of 
the Ss had previously served in a learning experi- 
ment. They were required to spell the syllables 
and were given the usual instructions for paired- 
associate learning by the anticipation method. 
"They were not told that the same response would 
be correct for more than one stimulus or that 
the stimuli were grouped in any way for the 
assignment of responses. 

To avoid selection due to loss of Ss and to 
approximately equate performance at the end 
of the first session, the lists were presented for a 
specific number of trials. The lists with two 
different responses were presented for 5 trials, 
those with four different responses for 10 trials, 
and the lists with 8 responses for 15 trials. 
After learning for the appropriate number of 
trials, Ss were dismissed and returned 48 hr. 
later for the second session. Since differential 
transfer was expected between items in the lists, 
it was important that the responses should not 
be presented during any test of recall, To 
control for intralist transfer and for warm-up, 
the first five trials of the second session were 
recall trials. During the five recall trials the 
+ lists were presented in exactly the same way 
as during learning except that the responses were 
not presented and there was no indication to S 
whether a response was right or wrong. The 
Ss were told that the responses would not appear 
for a few trials but that they should continue 
to spell as many responses as possible each time 
through the list. After the five recall trials 
the responses were again presented in the 
usual fashion and relearning continued to a 
total of 25 trials for both sessions or to a criterion 
of three successive perfect trials. For purposes 
of the analysis it was assumed that all responses 
would be correct after three successive perfect 
trials. 


REsutts 


Learning.—The mean number of 
correct responses on Trial 25 of each 
list is given in Table 2 and the 
analysis of variance is presented in 
Table 3. The college students are 
superior to the high school students, 
but there is no significant interaction 
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TABLE 2 
Mean NUMBER or Correct RESPONSES 
on Triax 25 
College Students High School Students 
iub | No. of Responses | No. of Responses 


2 4 8 2 4 8 


Hr |12.08| 9.17| 8.17|11.25| 8.50| 8.92 
L {14.17} 12.00 | 10.92 | 11.25 | 11.17 | 11.50 
Ha | 14,17 | 15.33 | 12.00 | 13.67 | 13.17 | 7.83 


13.47 | 12.17 | 10.36 | 12.06 | 10.94 | 9.42 


of students with the other variables. 
The two groups are combined in 
Fig. 1 and the mean number of cor- 
rect responses on each trial is pre- 
sented for each list. The first break 
in each curve indicates the 48-hr. 
retention interval, and the second the 
end of the five recall trials when the 
responses were again presented. 
Number of different responses is 
highly significant, but this analysis 
does not take into account the dif- 
ferential probability of guessing the 
correct response. The appreciable 
number of times Ss did not respond 
makes the value of a correction for 
guessing doubtful. However, the cor- 
rection used by Bricker (2) was ap- 


TABLE 3 


ANALYSIS OF VARIANCE FOR THE NUMBER 
or Correct RESPONSES ON 


Triar 25 
Source df MS E 
Students (St) 1 | 77.04 7.48% 
NOR Responses 2 | 150.04 | 14.58 
Similarity (Sm) 2 | 173.51 | 1686* 
NR X Sm 4 37.83 | 3.67 
St X Sm 2 1876 | 182 
St X NR 2 1.01 10 
St X NR X Sm 4 2117 | 2.06 
Within 198.| 10.29 
*P = Qt. 
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Fic. 1. 


Mean number of correct responses 
on each list as a function of trials. 


plied to Trial 25 and an analysis of 
variance was computed on the cor- 
rected scores. "This decreased the F 
for number of responses to .97 and 
reduced the F for the interaction 
between number of responses and 
similarity to 2.98. The F’s for Simi- 
larity and for Students increased to 
17.51 and 8.82, respectively. This 
correction probably overestimates the 
effect of guessing, but there are 
other indications that number of 
responses may not be an effective 
variable in learning. In Fig. l it is 
apparent that the performance level 
expected from guessing alone is at- 
tained in approximately the same 
number of trials for lists with different 
numbers of responses and that the 
differences between the 2-, 4, and 
8-response lists tend to decrease after 
this point. There is also a significant 
interaction between number of re- 
sponses and similarity with the small- 
est differences between the low- 
similarity lists. In view of this, the 
Significant effect of number of re- 
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sponses is'attributed to guessing and 
to similarity relationships. 

The over-all effect of similarity 
is highly significant with the high 
interresponse stimulus similarity lists 
being more difficult, and the high 
intraresponse stimulus similarity lists 
less difficult, than the low-similarity 
lists. However, the significant inter- 
action indicates that the effect of 
similarity is not independent of the 
number of responses. Similarity as 
it is used here is a dimension only if 
considered in relation to the responses. 
If the number of stimuli remains con- 
stant then the relationships in the 
Ha and Hr lists must change as the 
number of responses change. If we 
consider intralist transfer as a function 
of the similarity of the stimuli then 
there would be little or no transfer 
in the low-similarity lists while each 
stimulus in the high-similarity list 
would produce transfer to three 
others. The direction of transfer 
would depend on whether the three 
stimuli had the same or different 
responses as the stimulus which is 
producing the transfer. 'Thus the 


3 


MEAN CORRECT RESPONSES 


-3 4-2 0 3 
INTRALIST TRANSFER 


Fic. 2. Mean number of correct responses 
on Trial 25 as a function of the number of items 
within a similarity group to which the transfer 
would be positive or negative. 
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high-similarity lists would have either 
negative transfer to three items within 
a similarity group (Lists 4Hr and 
8-Hr), positive transfer to one and 
negative to the other two (Lists 
2-Hr and 8-Ha), or positive transfer 
to three items (Lists 2-Ha and 4-Ha). 
In Fig. 2 the number of correct re- 
sponses on Trial 25 is plotted as a 
function of the amount of transfer 
expected. "The abscissa indicates the 
number of items, within a single 
similarity group, to which transfer 
is expected to be positive or negative. 
'There is a separate curve for each of 
thethree different number of responses 
and the similarity is indicated at 
each point. It is clear that the num- 
ber of correct responses increases 
as the number of items to which 
positive transfer is expected increases. 
'This effect is not dependent on the 
number of different responses in the 
list. 

Retention.—In Fig. 1 it is apparent 
that there was an appreciable loss 
on all lists from the last learning 
trial to the first recall trial and, 
even though Ss were given no in- 
formation as to the correctness of 
their responses, there was a gain 
over the five recall trials on all except 
List 2-Hr. For a statistical evalua- 
tion a count was made of the num- 
ber of Ss who had more correct 
responses and the number of Ss who 
had fewer correct responses on the 
second of the two trials being com- 
pared. Computation of x*s indi- 
cated that a significant number de- 
creased over the 48-hr. retention 
interval, increased from Recall 1 to 
Recall 5, and that there was not a 
significant number of Ss who de- 
creased from the last learning trial 
to the fifth recall trial. There was a 
tendency for more loss over the reten- 
tion interval in the low-similarity 
lists but there was also more gain in 
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TABLE 4 


PERCENTAGE or RETENTION AFTER 48 Hr. 


List Recall 1 Recall 5 Relearn 1 
2-Hr 93.1 87.2 100.5 
2-L 86.3 95.6 102.0 
2-Ha 86.3 89.0 98.6 
4-Hr 91.5 117.8 105.1 
4L 76.1 106.4 98.1 
4-Ha 94.9 104.3 102.4 
8-Hr 80.5 93.3 92.0 
8-L 77.8 98.6 96.6 
8-Ha 75.7 92.8 98.9 


these lists over the five recall trials. 
'There were no systematic differences 
in retention as a function of stimulus 
similarity relationships with the re- 
sponses. The percentage of the num- 
ber correct on the last learning trial 
which was correct on the first and 
fifth recall and the first relearning 
trial is given for each list in Table 4. 
It should be noted that retention is 
uniformly high and that it increases 
from Recall 1 to Recall 5. 
Errors—The errors on the last 
learning trial, the first and fifth recall 
trials, and the first and second re- 
learning trials were classified as omis- 
sions (failure to make an overt re- 
sponse), errors from within the list, 
or others which included partial 
responses and combinations of letters 
which were not correct for any item 
in the list. There were no systematic 


TABLE 5 


Totat NUMBER or Errors IN 
Eacu CLASSIFICATION FOR 
ALL Lists COMBINED 


Lasi - 
Duce res Recall | Regal ESETT 
Error Tra 1 2 
Omis- 545 | 587] 433 | 586 | 395 
sions 
Within 1084 | 1183 | 1130 | 1104 | 1155 
Other 146 | 244 | 244 96 93 
Total 1775 | 2014 | 1807 | 1786 | 1643 
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differences in the distribution of 
types of errors as a function of 
similarity. Although there were many 
more errors in the Hr groups, the 
percentage of these that were from 
within the list was no greater than 
in the Ha groups. The number of 
different types of errors in the five 
trials for all lists combined are given 
in Table 5. The increase in correct 
responses over the five recall trials 
is primarily the result of the decrease 
in the number of omissions. 


Discussion 


It is apparent from Fig. 2 that rote- 
learning transfer principles predict the 
relative speed of learning when similarity 
relationships are varied in relation to the 
responses. The higher the similarity 
between stimuli with the same response 
the faster the learning, and the higher 
the similarity between stimuli with 
different responses the slower the learn- 
ing. The positive intralist transfer com- 
monly found in concept learning can be 
produced by manipulating stimulus simi- 
larity. List 4-Ha is most comparable 
to the concept lists since there is one 
response for each group of similar stimuli. 
It is here that the difference between 
the Ha list and the L list is greatest. 

Retention does not seem to be related 
to similarity and this agrees with other 
studies in which stimulus similarity 
has been varied (14). However, the 
retention is high. : If one considers only 
the 4-Ha list, there is 94.9% retention 
on the first recall trial and this increases 
to 104.3% on the fifth recall trial. 
Differences in number of items, degree 
of learning, retention interval, and 
procedure prohibit direct comparison 
with concept studies (10, 11, 12), but 
the retention of concepts is not obviously 
better. In view of the high degree of 
retention in this study it seems that a 
direct comparison of concept and rote 
materials which used the same procedure 
and equated the degree of learning might 
show no differences in retention. 

The five recall trials during which the 
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responses were not presented resulted 
in an increase in the number of correct 
responses on all lists except 2-Hr and the 
small increase in the 2-response lists 
may be due to the fact that the per- 
formance at the end of learning was at 
approximately the guessing level. This 
procedure seems similar to warm-up 
before recall found by Irion (8) but 
differs in that it is practice on the same 
task rather than some other task. On 
the other hand, it cannot be considered 
learning in the usual sense because there 
was no information given as to the 
correctness of the response. In Table 
4 there seems to be little relation of the 
percentage of increase over the five 
recall trials with either similarity or 
number of responses. The increase is 
definitely related to the number of trials 
on recall, but the limit cannot be deter- 
mined from this experiment. Further 
experimentation is required to relate 
this phenomenon to warm-up and to 
determine what aspects of the procedure 
are necessary to produce it. 


SuMMARY 


This study varied the number of different 
responses and the similarity of the stimuli in 
relation to the responses in paired-associate 
lists. In 16-item lists either 2, 4, or 8 nonsense 
syllables were used as responses and either high- 
or low-similarity adjectives were used as stimuli. 
The similarity of the stimuli which had the same 
response was varied. 

Tt was found that similarity was a variable 
in learning and that the list with a single re- 
sponse for each group of similar adjectives 
showed high positive intralist transfer charac- 
teristics of concept learning. Retention did 
not seem to be related to similarity, but was 
uniformly high. 
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The well known fact that meaning- 
ful verbal material is easier to memo- 
rize than nonsense material is usually 
explained by saying that meaningful 
material permits more positive trans- 
fer from previous learning; S has 
already learned a great deal about the 
meaningful material before the experi- 
ment begins. Exactly what the S 
has already learned that he can 
transfer to the memorization of mean- 
ingful material is usually not speci- 
fied, however. The positive transfer 
may be attributable to something 
about meaning per se that makes the 
task easier, or it may be attributable 
to the fact that meaningful verbal 
material usually obeys certain familiar 
rules of formation, or both. In order 
to study this question, Miller and 
Selfridge (5) used statistical approxi- 
mations to English which Ss were 
required to reproduce after one hear- 
ing; they came to the conclusion that 
familiarity with the rules which 
govern the sequential properties of 
meaningful passages is probably much 
more important in facilitating recall 
than is S's understanding of the 
passage. This conclusion implies 
that we should take a closer look 
at the effects of nonrandom rules of 
formation. 

Aborn and Rubenstein (1, 6) initi- 
ated such an exploration of the effects 
of rules in a series of studies that 
used sequences of nonsense syllables. 


1 This research was supported under Contract 
AF 33(038)-14343 and appears as report number 
AFCRC-TN-58-50 (ASTIA Document Number 
AD 146780). Reproduction for any purpose 
of the U. S. Government is permitted. The 
author is indebted to Elizabeth A. Friedman for 
the collection of the data. 


The sequences were constructed ac- 
cording to rules that varied from 
completely random to highly deter- 
ministic. In the terminology of in- 
formation theory (7), the sequences 
formed according to elaborate and 
restrictive rules were more redundant, 
carried less information per syllable, 
than the random sequences. It was 
found that, for Ss familiar with the 
rules of formation, the redundant 
sequences were easier to memorize, 
but not as much easier as would be 
predicted on the hypothesis that 
the amount of information acquired 
is invariant under changes in the 
rules of formation. These results 
confirm and extend the conclusion 
drawn by Miller and Selfridge and 
do so in a situation where meaningful 
words are eliminated and Æ has 
complete knowledge of the rules of 
formation and of S’s prior experience 
with those rules. 

The particular sets of rules used by 
Aborn and Rubenstein were of a 
simple type which Chomsky (2) has 
referred to as “finite state grammars.” 
The grammar of English cannot be 
stated in such simple terms, but 
finite state systems are quite con- 
venient for the experimental study 
of the effects of rules on memoriza- 
tion. Chomsky and Miller (3) have 
described the formal properties of 
finite state languages and their re- 
sults are used below to describe the 
materials in the present study. In 
spite of their formal simplicity, these 
finite state systems pose some com- 
plicated psychological problems. We 
would like to know what changes, if 
any, in a set of rules leave performance 
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invariant, and so we are faced with 
a large and tangled set of possible 
relations between the formal aspects 
of the finite state systems and the 
empirical aspects of S’s behavior. 
The present study does little more 
than illustrate the complexity of this 
formidable task. 


CHARACTERIZATION OF REDUNDANT 
STRINGS 


All strings of symbols used in these ex; eri- 
ments were composed of four letters of the 
alphabet (G, N, S, and X) chosen randomly 
from the consonants. With these four letters 
it is possible to form 4^ different strings of letters 
of Length A. A finite state generator is an 
algebraic system that selects a particular subset, 
the well-formed strings, out of the set of all 
possible strings (2, 3). The particular finite 
state generator used here is displayed in graphical 
form in Fig. 1, where the numbered circles 
represent the states of the system, the arrows 
represent the permissible transitions from state 
to state, and the letters associated with each 
arrow represent the symbols generated in 
moving from one state to the next. All well- 


formed strings are generated by starting in 
State 0 and following any path through the 
diagram that ends on the first visit to State 0’. 
Thus, the generator selects the well-formed 


RULES OF TRANSITION: 


(0,N,1) 
(0,5,3) 


(2,6,0) 
(2,X,1) 


(4,N,3) 
(1,6,0) 


(3,9,2) 
(3,X,3) 


Fic. 1. Diagram of the finite state generator 
of the redundant strings used in this experiment. 
An admissible string is any sequence of letters 
generated by starting in State 0 and ending on 
the first arrival. at State 0’. An equivalent, 
algebraic description of the generator is given 
in the rules of transition beneath the diagram; 
each rule gives the state of the system in which 
the rule is applicable, the symbol generated in 
transition, and the state in which the system 
is left after the rule is applied. 
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strings: NG, SSG, NNSG, SSXG, SXSG, 
NNSXG, SXXSG, etc. At the bottom of Fig. 1 
the rules of transition are stated explicitly; 
for example, (0, N, 1) means that when the sys- 
tem is in State 0 it can generate the symbol N 
and thus move next to State 1. A state is 
defined as the set of all rules applicable in that 
state; for example, State 2-consists of two rules, 
(2, G, 0’) and (2, X, 1). 

For this particular generator, the number F(A) 
of strings of Length A or less can be computed 
recursively from the equation F(A) = 2F(\ — 1) 
— FQ — 2) + FQ — 3) — FA — 4), where 
F(1) = 0, F(2) = 1, F(3) = 2, and F(4) = 52 
The largest real root of this finite difference 
equation is 1.4656, and for large A, F(A) ap- 
proaches 1.731(1.4656)^. If we use Shannon's 
(7) measure of channel capacity, this system 
has a capacity of 


xim Be FO) ilona 1.4656 = 0.552. bit/lereer) 


By comparison, the set of all strings formed on 
this set of four letters has a capacity of 
log: 4 — 2 bits/letter. "Thus, the redundancy is 
1— (0.552/2) = 0.724, or 72.4%. This can be 
interpreted to mean that the well-formed strings 
are 3.62 times as long as they would need to be 
in order to encode the same amount of infor- 
mation. 

It is possible to show that such a finite state 
generator can be decomposed, or “factored,” 
into a set of simpler generators. In the present 
example, we first find all those paths between 
States 0 and 0’ which visit no state more than 
once. These paths generate the basic strings 
NG, NNSG, SSG, and SSXG. All well-formed 
strings can be formed by inserting loops at 
appropriate points in these four basic strings. 
We symbolize a loop by placing it in parentheses, 
where the second parenthesis indicates that we 
have returned to the same state we were in at. 
the first parenthesis. Using this notation, we 
can summarize the entire set of well-formed 
strings: N(N(X)SX)G, N(N(X)SX)NSG, 
S((X)(SXN))SG, and S((X)(SXN))SXG. This 
method of representing the well-formed strings 
is more compatible with the way Ss tend to 
organize them than are the representations in 
terms of graphs or transition rules. It should 
be noted that in this particular generator, the 


? The number f(A) of strings of exactly length 
X can be similarly computed from the equation 
f( 4-3) =fA+2)+fQ), ford 22,5, .. 5 
given f(1) = 0, f(2) = f(3) = 1, and f(4) = 3. 
Obviously, fA + 1) = FA + 1) — FQ). The 
amount of information per letter computed for 
F(A) is the same as that computed for fA). 
(Cf. 3, p. 111.) 
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RECALL OF REDUNDANT STRINGS OF LETTERS 


TABLE 1 


Lists or Strincs Usep 


Redundant Strings Random Strings 


Li L: Ri R: 
SSXG NNSG GNSX NXGS 
NNXSG NNSXG NSGXN  |GNXSG 
SXSXG SXXSG XGSSN SXNGG 
SSXNSG |NNXSXG |SXNNGN |GGSNXG 
SXXXSG |NNXXSG |XGSXXS |NSGNGX 
NNSXNSG | NNXXSXG| GSXXGNS |NGSXXNS 
SXSXNSG | NNXXXSG| NSXXGSG |NGXXGGN 
SXXXSXG | SSXNSXG | SGXGGNN|SXGXGNS 
SXXXXSG |SSXNXSG | XXGNSGG|XGSNGXG 


basic strings themselves seem to group together; 
NG is included in NNSG and SSG is included in 
SSXG, and the Ss seemed to distinguish only 
two basic types of strings. The S who notices 
these similarities among the strings can use them 
to reduce the amount of information he is 
required to remember. 


METHOD 


The generator in Fig. 1 gives 22 well-formed 
strings of Length 7 or less. Of these 22, 18 
were chosen in such a way that two lists of nine 
strings, each containing the same number of 
strings of the same length, could be constructed. 
The assignment of a string to one list or the 
other was determined by a table of random 
numbers. The result of this procedure was the 
two lists, Li and Ls, in the first two columns of 
Table 1. 

In addition, Table 1 contains two further 
lists, Ri and Rs, of nine strings composed of the 
same four letters. Lists Ri and Re, however, 
were constructed with the aid of a table of ran- 
dom numbers. The only constraint in their 
formation was the requirement that the R 
lists should have the same number of strings of 
each length as did the L lists. 

These strings were printed in block letters 
on 3 X 5-in. cards. ie S was seated across 
the table from Æ, who laid the cards face up in 
front of S at a rate of one card every 5 sec. 
After all nine cards in the list had been pre- 
sented, E picked up the deck of cards and 
shuffled it while S wrote, in any order, all the 
strings he could recall. When S finished, E 
removed the response sheet and proceeded to the 
next trial. Ten such trials were given and the 
order of the cards was varied haphazardly on 
each trial. Each S studied two lists, and at 
the end of the tenth trial on the second list he 
wrote all the strings he could recall from the 
first list. 
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The Ss were undergraduate and graduate 
students at Harvard and Radcliffe Colleges 
and members of the staff of the Harvard Psy- 
chological Laboratories. The original design 
called for two Ss each to learn the lists LiLo, 
Lely, RiRe, and RR, in that order, and one S 
to learn LiRi, LiRs, LeRi, LoRs, RiLi; Riles, 
Rely, and RaLs, which would have given four Ss 
on each type of pair: LL, RR, LR, and RL. 
The results with the RL condition were so 
variable, however, that it was run three times, 
giving 12 Ss in all for this condition. 

The Ss were told nothing about the method 
of constructing the lists. The same explanation 
of the procedure to be followed was given to 
every S: he was to read the nine cards and write 
down as many strings as he could remember 
on each trial. 

The response sheets were scored for the 
number of correct strings, Incorrect responses 
were ignored. 


RzsurTS 


The mean number of correct re- 
sponses is shown in Fig. 2 as a func- 
tion of the trial number. The plot 
on the left gives the mean number 
correctly recalled by the eight Ss 
who learned an L list first (open 
circles) and also by the 16 Ss who 
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Fic. 2. Mean number correct as a function 
of the trial number. L indicates a redundant 
list and R indicates a random list, On the left, 
the curve labeled L. represents the results on 
the first list for the eight Ss who studied lists LL 
or LR, in that order, and the curve labeled R. 
represents the 16 Ss who received RL or RR. 
On the right, the curves labeled LL, LR, and 
RR are based on data for the second list studied 
by four Ss each; the RL function is based on 
12 Ss. 
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Fic. 3. Individual data for eight Ss learning 
a list of redundant strings initially are given in 
the graph on the left. On the right, the indi- 
vidual data are given for the 12 Ss who studied 
the redundant strings after they had previously 
studied a list of random strings. 


learned an R list first (solid squares). 
The plot on the right in Fig. 2 gives 
the mean number correct on the 
second list for each of the four groups. 

Averaging data from several Ss 
gives a poor picture of what happened 
in the RL condition. Figure 3 shows 
individual data: the left plot shows 
the data for the 8 Ss who learned an 
L list first, and the right plot shows 
the data for the 12 Ss who learned an 
L list after they had studied an R 
list. 'The effect of prior study of an 
R list is to increase the variance on 
the L list. 

When Ss were asked, after study- 
ing a second list, to recall the first 
list they had studied, the average 
number of strings recalled correctly 
was less than the number recalled 
on the tenth trial with the first list. 
In the LL condition, the average 
recall dropped from 8.75 strings on 
the last trial with the first list to 5.0 
strings on the retest. In the LR 
condition it dropped from 9.0 to 5.0. 
In the RL condition, it dropped from 
3.33 to 1.83. And in the RR condi- 
tion it dropped from 4.25 to 0.5. 
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Discussion, 


It is clear that the redundant strings 
were learned more quickly than the 
random strings. One $ in the LR 
group expressed the difference when he 
commented after the experimental ses- 
sion, “The first list was like studying, 
but the second was like cramming.” The 
fact that Ss were organizing the strings 
into related clusters could be seen in 
the serial order of their recall on the 
later trials with the L lists. 

It is often assumed, at least for non- 
sense materials, that associative inter- 
ference will increase as the items to be 
learned are made more similar. This 
assumption may not be valid when the 
method of free recall is used, since 
Underwood (9) has shown that recall 
and intralist similarity are not system- 
atically related. In the present experi- 
ment the redundant lists have greater 
intralist similarity than the random 
lists? yet the similarities are an ad- 
vantage rather than a handicap. The 
Ss avoided interference due to stimulus 
generalization by recoding the redundant 
strings. For example, List L» contains 
NNSG, NNSXG, NNXSXG, NNXXSG, 
NNXXSXG, and NNXXXSG. Given 
NNSG, these six strings are easily recoded 
as 00, 01, 11, 20, 21, and 30, where the two 
digits indicate the number of X's preceding 
and following the S. Then SSXNSXG 
and SSXNXSG can be learned together, 


*The greater intralist similarity of the 
redundant strings was demonstrated by a 
search task. Lists of 30 and 60 redundant 
strings and 30 and 60 random strings were 
typed on separate sheets of white paper and 10 
Ss were asked to search for particular strings. 
With 30 alternatives, the median search time 
was 15.5 sec. for redundant strings, but only 
9.3 sec. for random strings. With 60 alterna- 
tives, the corresponding medians were 33.0 and 
15.5 sec. wr took about twice as long to search 
through the redundant strings, and it is in this 
sense that one can say the redundant strings 
have a greater degree of similarity. We are 
indebted to Sherry Blumenthal for collecting 
these data. It is interesting to note that 
Fitts, Weinstein, Rappaport, Anderson, and 
Leonard (4) also found that the recognition of 
redundant visual patterns was slower than the 
recognition of random patterns in a search task. 
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since one is derived from the other by a 
simple inversion of letters. That leaves 
SXXSG as the ninth string, the only 
one that doesn't "fit" with any other. 
By such grouping and recoding devices 
as this it is possible to reduce the diffi- 
culty of the task. Similarity of the 
" strings is not a handicap if $ does not 
choose to remember the strings in the 
form in which they are presented, but 
recodes them and remembers the coded 
form instead. 

If we consider the quantities of in- 
formation involved, we can ask whether 
the amount of information per trial is 
approximately the same for the redun- 
dant and the random strings. This 
would be a surprising result in any case, 
but especially in this experiment where 
Ss had no prior knowledge of the rules 
underlying the redundant strings and 
could scarcely be expected to exploit 
them in an optimal fashion. The ques- 
tion is easily tested with the data, how- 
ever. With random strings, the average 
S learned 3.63 strings on his first 10 
trials and these strings contained an 
average of 20.5 letters. At 2 bits/letter, 
this corresponds to 41 bits of information, 
or 4.1 bits/trial for the random strings. 
With redundant strings, on the other 
hand, the average S learned all nine 
strings, or 54 letters, in his first 10 trials; 
at 0.552 bits/letter, this amounts to 
29.8 bits, or approximately 3 bits/trial. 
These values, 4.1 and 3 bits/ trial, 
actually underestimate the difference, 
since the computation for the random 
strings ignores the information $ may 
have acquired about the strings he was 
unable to reproduce perfectly. This 
result confirms the conclusion of Aborn 
and Rubenstein (1, 6), who also found 
that with highly redundant strings Ss 
learn more symbols but less information 
than with random strings. — 

In order to explore this question of 
information storage in more detail, 
eight Ss learned a list of nine random 
strings composed of G, N, S, and X 
where the total amount of information 
in the new set of nine random strings 
was approximately the same as the 
total amount of information in the set 
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of nine redundant strings. The total 
amount of information involved in the 
redundant strings was 29.8 bits, so the 
new random strings had to be composed 
of 15 letters at 2 bits/letter in order to 
give the equivalent 30 bits of informa- 
tion. These 15 letters were arranged 
in three strings of Length 1 and six 
strings of Length 2. The experimental 
procedure was the same as before. 
The average number correctly recalled 
on successive trials was 6.0, 7.6, 8.0, 8.0, 
8.3, 8.5, 8.5, 8.6, 8.6, and 8.6 strings. 
If, in order to estimate the amount 
of information stored per trial, we assume 
that in three trials the average S had 
learned eight strings, or 26 bits, then 
we obtain an estimate of about 8.3 
bits per trial. This is a crude estimate, 
but even so it is clear that the amount 
of information acquired per trial is not 
a constant independent of the way the 
information is encoded. The shorter 
random strings are more easily memo- 
rized and provide a more efficient method 
of storing information. 

The total amount of information that 
S acquires in a series of trials with a 
given list can be broken up into at least 
four factors. The total amount of 
information acquired is equal to the 
number of letters learned times the 
average number of bits of information 
per letter. The number of letters 
learned is approximately equal to the 
number of strings correctly recalled 
times the average length of a string. 
The number of bits/letter is equal to 
the maximum possible bits/letter multi- 
plied by a factor that depends upon the 
redundancy of strings. Thus the four 
factors involved are the number of 
letters per string, the number of strings, 
the size of the alphabet used, and the 
redundancy of the strings. Symboli- 
cally, the amount of information $ has 
acquired on any given trial is not less 


than 
N 


(1— R) logem} Ns 
i 


where m is the size of the alphabet used, 
R is the redundancy of the strings, N: 
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is the number of letters in the ith string, 
5; is a function that assumes the value 1 
if String 7 is recalled and 0 if String ; is 
not recalled, and N is the number of 
strings. The independent variables un- 
der E's control are m, R, N, and },, in 
addition to the number of the trial, and 
the dependent variable is s; the strings 
which $ recalls. ` 

With random strings, the evidence 
available indicates that m, the number 
of different letters, has relatively little 
effect on the number of trials required 
to reach a given criterion of mastery 
(8). R is, of course, zero for random 
strings, so the important variables are 
A; and N, the length of the strings and 
the length of the list of strings to be 
memorized. With redundant strings, 
on the other hand, the task may actually 
become easier as m increases, since the 
rules underlying the redundancy usually 
become more obvious. As R increases, 
learning will become easier for any $ 
who takes advantage of the redundancy, 
but the conditions which enable him to 
use it in order to simplify his task 
remain to be explored. The effect of 
increasing N when the strings are 
redundant should be far less than when 
they are random, since the strings fall 
into certain recognizable classes defined 
by the basic strings and the number 
of basic strings does not vary as a func- 
tion of N. The effect of À; is not obvi- 
ous. It would be interesting to keep 
the total number of letters constant 
while N and A; varied inversely. 

A principal question in such an analy- 
sis, however, is whether the measure of 
redundancy, R, is adequate to represent 
all the different kinds of redundancy 
that might lead to the same value of 
R. With respect to the finite state 
generators which determine the redun- 
dancy of the strings, the major vari- 
ables to be explored include the number 
of different letters used, the number of 
states, the number of rules of transition, 
and the number of basic strings. 

This quick glance at the parametric 
aspects of redundant strings makes their 
exploration look rather formidable, es- 
pecially when we remember the large 
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number of parameters we already have 
in studies of verbal learning. The 
prospect is further complicated by the 
necessity of exploring the conditions 
that facilitate the efficient discovery 
and use of the redundancies in such 
strings. This question raises problems 
more nearly akin to concept formation 
than to the usual studies of verbal 
learning. Although some psychologists 
seem to hold the opinion that concept 
formation is merely a complicated kind 
of verbal learning, the present analysis 
suggests the converse—namely, that 
verbal learning is merely a simple form 
of concept formation. In either view, 
however, it seems likely that the same 
problems will arise in both areas and 
that one will not progress without the 
other. 

The design of the present experiment 
is appropriate for the study of transfer 
effects in verbal learning. In Fig. 2 
there is apparent a positive transfer for 
the LL, LR, and RR conditions; the 
improvement may be simply another 
case of the well known “warm-up effect." 
The RL condition, however, shows nega- 
tive transfer and Fig. 3 indicates that 
this negative transfer is due to a large 
increase in the variance between Ss. 
In the terminology of verbal learning 
experiments we should probably call 
this result a negative "transfer of 
principles," since the prior learning of a 
random list apparently caused some Ss 
to accept the "principle" that the new 
task was also random. It is just as 
natural, however, to speak of an Einstel- 
lung effect, or of functional fixedness. 
The strategy that Ss adopted for memo- 
rizing redundant strings apparently did 
not handicap them when they later 
encountered random strings, but the 
reverse was not true: The strategy 
adopted for the random strings was not 
efficient when later applied to redundant 
strings. 

However, the Einstellung effect sug- 
gested by the increased variance in the 
scores obtained on redundant strings 
following prior experience with random 
strings may be peculiar to the particular 
finite state generator used in this experi- 
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ment. Subsequent studies with other 
generators have not shown this disrup- 
tion so clearly. Until we have a better 
conception of how Ss attempt to organize 
redundant strings, therefore, it is un- 
wise to overgeneralize this feature in the 
- results. 

SUMMARY 


The present experiment explores the recall 
of redundant, as opposed to random, strings 
of symbols. First, an algebra for generating 
strings of symbols according to explicit rules is 
defined and a set of redundant strings is gener- 
ated. A subset of these strings is memorized 
by S, using the method of free recall. As a 
control, the same procedure is used for equiva- 
lent strings generated by a table of random 
numbers. It is found that, although S knows 
nothing of the rules of formation, the redundant 
strings are more easily memorized. Since the 
redundant strings show greater intralist simi- 
larity, it is concluded that Ss group and recode 
the redundant strings, thus avoiding the inter- 
ference effects that would be expected for the 
uncoded strings. 

In agreement with earlier studies, it is found 
that the amount of material learned increases 
when the strings are redundant, but the amount 
of information, measured in bits, decreases. In 
terms of the information measure, therefore, 
redundancy in the materials to be learned does 
not increase the efficiency of learning. The 
several parameters involved in these relations 
are briefly reviewed. 

Í The results also indicate that, for the particu- 
lar redundancy used, some Ss find the redundant 
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strings more difficult to learn if they have first 
learned a series of random strings. 
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TRAINING AND TRANSFER AS A FUNCTION OF 


COMPONENT 


INTERACTION ! 
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In specifying the complexity level 
of a particular motor skill task, one 
finds that a major factor is the 
number of components or subtasks 
which define the whole task. Thus, 
as the number of components of a 
whole task is increased, S may find 
acquisition of the whole skill to be 
increasingly difficult. An obvious ex- 
pediency here involves initial training 
on parts or single dimensions with 
subsequent practice on combinations 
of components as in the part-whole 
aradigm. Unfortunately, practice 

individual components generally 
oes not increase proficiency levels 
on the whole task tẹ that level 
achieved by whole-task training itself 
(1, 3, 5, 8). However, these differ- 
ences in performance between whole- 
and part-practice schedules at the 
time of transfer can. be reduced 
rather quickly by continued post- 
transfer training on the whole task. 
This can result in less training re- 
quired on the whole task itself follow- 
ing part-task practice, a saving which 
can be of considerable importance 
(1, 8). 

Except for one study (1), these 
generalizations are based on experi- 
ments in which the components de- 


1 This research was conducted in the Labora- 
tory of Aviation Psychology of the Ohio State 
University and was supported in part by the 
United States Air Force under Contract No. 
AF 41(657)-70 with the OSU Research Founda- 
tion, monitored by Robert L. French and Bryce 
O. Hartman, who served as Scientific Officers 
for the AF Personnel and Training Research 
Center. Permission is granted for reproduction 
publication, use, and disposal in whole or in part 
by or for the United States Government. 


fining the whole task were physically 
independent and thus could be manip- 
ulated independently by Ss. For 
example, when S makes a correction 
for an azimuth error with the Pedestal 
Sight Manipulation Apparatus, it is 
not necessary to coordinate simul- 
taneous responses to the elevation 
or range dimensions of control, and 
the evidence suggests that S will 
indeed respond to each of the several 
components independently, on the 
average (2, 7). 

Most skill systems involve com- 
ponents which are not physically 
independent, one from another; inter- 
actions exist among the components 
of the whole system such that cor- 
rections applied to one component 
affect other components as well and 
therefore necessitate concomitant re- 
sponses by S to these other com- 
ponents. 


of the control column has the primary 
effect of introducing roll with a 
subsequent change in heading. How- 
ever, this control action has the 
secondary effect of a reorientation 
of the lift vector with subsequent loss 
in altitude by the aircraft. Thus, 
the pitch and roll components of the 
system interact in such a way as to 
require S to pull back on his control 
column whénever he desired to dis- 
place that control laterally.2 By such 
a coordinated response, S can thereby 
cancel the effects of the pitch-roll 
(P X R) interaction. 


?We assume no rudder corrections are re- f 


quired. 
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To illustrate, in the opera- 
tion of an aircraft, a lateral deflection - 


COMPONENT INTERACTION 


CRT Limit 


Circular Reticle 
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Le 


Fic. 1. The* elements of the tracking dis- 
play and the schematized effects of component 
interaction on the display. Degrees refer to 
EÉ-—- ai 


'The purpose of the present study 
was to examine the effects of such 
a system interaction on the acquisi- 
tion and transfer of skill. "The major 
variable under study was the degree 
of P X R interaction present in the 
skill task (the amount of loss of lift 
resulting from lateral deflections ofa 
control device in an aircraft simula- 
tor). Three hypotheses were tested 
concerning the effects of degree of 
component interaction on transfer 
performance levels: (a) the benefits 
of part-task practice, as measured 
on the whole task, will decrease as 
the degree of component interaction 
present in the whole task is increased; 
(b) proficiency levels during transfer 
will increase with the degree of 
similarity of componen interaction 
in the training and the transfer sys- 
tems; and (c) transfer from a higher 
to a lower degree of component inter- 
action will result in a greater level 
of transfer performance than will 
| transfer from a lower to a higher 
degree of interaction. 
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The first hypothesis merely acknowl- 
edges that training on individual 
components cannot provide S with 
practice on a coordination of his 
responses such as will be required in 
operation of the whole task when that 
whole task involves an interaction 
of components. The second and 
third hypotheses indicate the expecta- 
tion of an asymmetrical generalization 
gradient, i.e., transfer from “difficult” 
to “easy” versions of the task is 
expected to involve a greater degree 
of transfer than that found with 
transfer from “easy” to “difficult” 
(9, 12). Thus, this experiment has 
two parts: Part I represents a test 
of the first hypothesis, while Part 
II tests the second and third. Data 
collection for both parts was accom- 


plished concurrently. 


A version of the OSU Pilot Training Research 
Simulator (4) served as the skill task. The 
essential features of this device are illustrated in 
Fig. 1 and 2. The S was provided with a 5-in. 
cathode ray tube (CRT) display and a spring- 
centered, two-dimensional control column, He 
attempted to manipulate the control so as to 
hold a cursor at the center of a l-in. circular 
reticle. Only the cursor, identified as an own; 
position indicator, oved about the display- 
the reticle was fixed at the center of the CRT 


METHOD 
Apparatus 


Scoring Y 


Exponential Oscillation Integration 


Frc. 2. The control dynamics of the X and 
Y (roll and pitch) dimensions of the tracking 
task. 
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and thus S was provided with a compensatory 
display of tracking information. 

Right or left deflections of the control column 
generated a voltage X which was subjected to 
two stages of analog integration. "These trans- 
formations provide for a simulation of azimuth 
corrections in an aircraft, and the output affected 
lateral movements of the own-position indicator 
on the CRT. Fore or aft control deflections 
generated a voltage Y which was transformed 
by an exponential oscillatory function plus one 
stage of analog integration, a combination which 
simulates the underdamped response of an 
aircraft to pitch corrections. The output of 
the first integral term in the X dimension repre- 
sents bank angle, and this signal was fed to a 
sine-cosine resolver, the output of which deter- 
mined the angle of incidence of the own-position 
indicator. Rotation of this indicator repre- 
sented the lateral attitude of the “wings” of S's 
aircraft. 

The desired physical interaction was achieved 
by coupling the X to the Y dimensions of the 
control system as shown in Fig. 2; the voltage 
signal representing bank angle was subjected 
to attenuation, rectified, and summed with the 
Y.signal at the integral transformation in the 
pitch control portion of the system. This 
rectified signal always appeared as a negative 
quantity at the summing point, and thus S 
was required to supply a positive signal of like 
magnitude in order to keep the cursor from 
moving off the lower portion of the CRT. This 
was achieved by deflecting the control column 
back from its spring-centered position. The 
attenuation enabled E to vary the amount of 
component interaction from zero to a maximum, 
at which level the cursor followed a vector path 
whose angle was 76? from horizontal. At zero 
interaction, lateral deflections of the control 
column affected only the X or roll dimension of 
the system, and thus S could respond to both 
dimensions independently. The presence of any 
degree of interaction other than zero resulted 
in cursor movement along vector paths, as 
illustrated in Fig. 1, and S could no longer 
correct the pitch and roll dimensions inde- 
pendently. Six levels of component interaction 
were selected for study, as shown in Fig. l. At 
(P X R); for example, a lateral deflection of the 
control column resulted in cursor movement at 
a downward angle of 23°, or 30% of the maxi- 
mum possible vector. 

The input signals indicated in Fig. 2 were 
produced by two electronic random signal 
generators. These signals were peaked at 
3 cpm with 95% of their power distributed below 
12 cpm. The amplitude distribution of each 
input was normal with an SD of 3.9 v. The 
diameter of the l-in. circular reticle corre- 
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sponded to +3 SD’s of the input signal. With 
these inputs the own-position indicator was 
forced away from the center of the reticle 
in a random manner, and S was instructed to 
compensate for his error by appropriate control 
deflections. The X input was statistically 
equivalent to, but independent of and un- 
correlated with, the Y input. 


Subjects and Procedure 


A total of 160 Air Force ROTC students were 
paid for service in this experiment. None had 
had prior flight training. Each S served for 
four 45-min. sessions with 24 hr. between ses- 
sions. During the first session, all Ss received 
a total of eight 30-sec. tracking trials following 
detailed instructions and demonstrations by Æ. 
There were a total of 16 30-sec. trials during 
each of the subsequent sessions, and practice 
was carried out in four-trial blocks. ‘There was 
30-sec. rest between trials within blocks and 
4-min. rest between blocks. The Ss served in 
pairs, alternately tracking and observing in 
four-trial blocks. 

Part I.—Four degrees of P X R interaction 
were used in a test of the hypothesis that a 
part-task training schedule will be progressively 
less efficient as the component interaction 
present in the whole task is increased: (P X R)o, 
(P X R);, (P X R); and (P X R)». As indi- 
cated in Table 1, Groups 1 through 4 served 
as the experimental groups. There were totals 
of 12 30-sec. trials on pitch corrections alone 
and 12 trials on roll corrections alone for each 
S over Sessions 1 and 2. Transfer to the 
designated whole-task condition took place 
in Session 3. Groups 5, 6, 8, and 10 served as 
control groups against which to compare the 
performance levels of Groups 1—4, respectively, 
in Session 3. 

Part 1I.—As a test of the second and third 
hypotheses six groups began and continued 
training on the two-dimensional tracking task 
where level of component interaction defined 
groups. Table 1 indicates that Groups 5, 6, 7, 
9, and 10 served as experimental groups with 
each S receiving a total of 40 30-sec. trials of 
tracking under the interaction level of his 
group prior to transfer to (P X R); during 
Session 4, Thus, Group 8 provided the control 
procedure against which to measure levels of 
transfer. All groups received a total of 16 
trials on (P X R)s during the transfer session. 
As shown in Table 1, Groups 6 and 7 transferred 
to a higher degree of component interaction 
compared to that present in the training system, 
while Groups 9 and 10 transferred to a lower 
level, and Group 5 transferred from a system 
involving no component interaction. The 
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TABLE 1 


ExPERMENTAL Desicn For Parts I ann II 


(16 Ss per group) 


Sessions 
Part Groups 
1 2 3 4 
I 1 PARE P,Rh (P X R)o (P X R)o 
I 2 P,R PR (P X R): (P XR) 
I 3 P,R POR: (P X R)s (P X R); 
I 4 PR P,R (P X R) (P X R) 
I, II 5 (P X R)o (P X R)o (P X R)o (P X R)s 
I, IT 6 (P X R): (P X RÀ (P X R): (P X R); 
II 7 (P X R)s (P X R)s (P X Rs (P X R)s 
TII 8 (PX R)s (P X R)s (P X R)s (P X R)s 
II 9 (P X R); (P X R); (P X R) (P X R); 
DAL 10 (P X R) (P X R) (P X R) (P X R); 
^ Four trials pitch corrections alone, four trials roll corrections alone. 
b Eight trials pitch corrections alone, eight trials roll corrections alone, 
choice of interaction level (P X R)s as the 1—6, the performance levels of Groups 


transfer condition was arbitrary in the sense 
that it is not necessarily typical of any particular 
skill system now in use. 


Scoring 


On each trial Æ recorded three measures of 
tracking performance: (a) two integrated error 
squared scores, one for the Y and one for the Y 
dimension, and (b) one integrated cross-product 
of the X and Y errors. Although this was a 
two-dimensional tracking task, it was possible 
to derive a single, unitary score of tracking 
proficiency. This score, identified as the 
standard error (SEzy), was determined by 
combining the above measures as follows: 


[Je + Sey — See] 


where ¢ represents tracking error. The squar- 
ing, multiplying, and analog integration opera- 
tions were performed continuously by electronic 
circuits during each 30-sec. trial. These SE; 
scores were later summed and averaged for each 
S over each four-trial block, a total of 2 min. of 
tracking. 


ReEsuLTs 
Part I M 


Figure 3 summarizes the data in 
test of the hypothesis concerning 
the efficiency of part-task practice 
as a function of the degree of whole- 
task component interaction. During 
the part-task training trials, Blocks 


1-4 are presented separately for the X 
(roll) and Y (pitch) components. 
The square roots of the integrated 
error squared scores (RMS, and 
RMS,) serve as the metrics here. 
The standard error (SE,,) measure, 
discussed above, serves to describe 
the acquisition functions of the con- 
trol groups on Sessions 1, 2, and 3 
(Groups 5, 6, 8, and 10), and the 
same measure describes the transfer 
performance levels of Groups 1-4 
during Sessions 3 and 4. Each point 
in Fig. 3 is the average performance 
level of the 16 Ss in each group over 
the four trials in each block. The 
interaction levels of the X and Y 
components in the whole or transfer 
tasks appear as the parameter in 
Fig. 3. 

Training blocks.—Several points are 
apparent from visual inspection of 
the data defining tracking perform- 
ance during Blocks 1-6. First, dur- 
ing the part-task training trials, none 
of the experimental groups show a 
significant change in performance 
as a function of trials. The RMS, 
and RMS, scores are uniformly low 
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Fic. 3. Training and transfer performance levels for the control 
and experimental groups of Part I. 


with little or no negative trend. It 
follows, then, that skill in tracking 
with the roll component alone and 
with the pitch component alone was 
easily acquired early in the training 
trials. This is in contrast to the 
four control groups (Groups 5, 6, 8, 
and 10) over the same period where 
initial tracking proficiency was quite 
low, especially for Groups 8 and 10. 
Further, skill levels on the whole 
task, as shown by the control groups, 
never did approach closely those 
levels achieved by Groups 1-4 during 
the training period. This, in part, 
may be a function of the differences 
in power of the inputsinvolved. The 
RMS value of the input for one- 
dimensional tracking was 3.9 v., 
while the standard error measure 
of the inputs for two-dimensional 
tracking was 5.5 v. "These estimates 


were based on 10-min. samples of the 
input signals. Thus, Groups 1-4 
did exceed the RMS level of the input 
(RMS, and RMS, on Block 6 aver- 
aged 3.3 v.), while the control groups 
never did achieve SZ,, measures of 
tracking performance lower than that 
for the input (5.8, 6.5, 6.3, and 6.0 v. 
for Groups 5, 6, 8, and 10, respectively, 
on Block 10), 

Transfer blocks.—A comparison of 
the initial transfer performance levels 
of Groups 1-4, the Block 7 data of 
Fig. 3, with the Block 1 data of the 
appropriate control groups shows 
that some degree of positive transfer 
was achieved by each of the experi- 
mental groups. A convenient index 
to express this transfer is 


Ci —E 


ar 
ames d o 


} 
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where C, is the performance of a 
control group on Block 1 (13.1, 13.2, 
16.2, and 16.3 v. for Groups 5, 6, 8, 
and 10, respectively), C, is the 
tracking proficiency of the same 
groups on Block 7 (7.3, 7.1, 6.5, and 
6.9 v.), and E, is the performance 
level of the appropriate experimental 
group at Block 7 (11.4, 10.8, 14.5, 
and 14.6 v. for Groups 1-4, respec- 
tively). These indices are 29%, 39%, 
18%, and 18% positive transfer for 
Groups 1-4, respectively. 

These transfer indices substantiate, 
only in part, the hypothesis under 
test here. It was expected that the 
efficiency of pure part-task practice 
would be progressively lessened as the 
degree of component interaction pres- 


Standard Error of Difference 
(in Volts) 
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ent in the whole task was increased. 
The decrease in efficiency found here 
was not progressive in that the 
(P XR) level actually enjoyed a 
higher transfer index than did the 
(P X R), condition. However, both 
the higher levels of component inter- 
action, Groups 3 and 4, did enjoy 
less benefit from part-task practice 
than did the lower degrees of inter- 
action, Groups 1 and 2. 

The above observations were borne 
out by the results of analyses of 
variance which were performed on the 
data of Session 3, Blocks 7-10. The 
results of these analyses show that 
differences between Groups 1 and 5 
and between Groups 2 and 6 are 
statistically significant at P < .05, 


Training 
Interaction 9 


Trial Block I! 


9 


On ial 2528 COBRE: 
Interaction Level 


To BN SAMO 2117. 125,215.54 


Four Trial Blocks 


Fic. 4. "Training and transfer performance levels for the control 
and experimental groups of Part I1. 
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while those for Groups 3 and 8 and 
for Groups 4 and 10 are significant at 
P < .001. 


Part II 


Figure 4 summarizes the results of 
the test of the second and third 
hypotheses, concerning transfer per- 
formance levels as a function of 
similarity of component interaction 
in training and transfer systems. 
Again, the SE metric was employed, 
and each point in Fig. 4 is the average 
performance level of 16 Ss in each 
group over the four trials in each 
block. As indicated earlier, there 
were 10 blocks of training trials 
prior to transfer to the (P X R)s 
level of component interaction. 
Transfer was effected on Block 1l. 
For convenience, the data of Block 11 
have been replotted in the upper 
right of Fig. 4 where the training 
interaction level appears as the 
independent variable. 

Training blocks.—As shown earlier 
by Fig. 3, there exist differences 
among the several interaction groups 
early in training (Blocks 1 and 2), 
but all groups appear to be approach- 
ing closely the same terminal levels 
of performance by Session 3 with 
considerable amounts of crossing of 
the acquisition functions during 
Session 2, 

Transfer blocks.—The transfer per- 
formance levels of Groups 5 through 
10, as shown by the Block 11 data of 
Fig. 4, in part confirm the hypotheses 
under test; the figure shows an 
asymmetrical generalization gradient, 
as predicted, but with that portion 
of the gradient covering the lower 
interaction levels being somewhat 
more regular than the gradient at 
levels higher than the control condi- 
tion, (P X R)s. Further, the average 
transfer performance level of Groups 
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9 and 10 is somewhat better than the 
average of Groups 6 and 7, although 
this difference is not statistically 
significant (P > .05). Thus, trans- 
fer from higher to lower levels of 
component interaction and vice versa 
was in the direction predicted, but 
the difference was not reliable. 

The same index as was used in 
Part I can serve to specify the 
amounts of transfer here. The value 
of C; is 16.2 v. and that of C, is 5.7 v. 
(Group 8), while E, is 8.9, 7.6, 6.7, 
7.1, and 5.8 v. for Groups 5, 6, 7, 9, 
and 10, respectively. These indices 
as calculated are 70%, 82%, 90%, 
87%, and 99% for Groups 5, 6, 7, 9, 
and 10. The trend of these per- 
centages is, of course, in line with the 
above observations concerning the 
asymmetry of the generalization 
gradient during the initial transfer 
trials. 

An analysis of variance for re- 
peated measures was applied to the 
data of Blocks 11-14. A statistically 
significant (P < .01) interaction of 
Blocks X Groups was noted, and the 
Duncan Multiple Range 'Test (6) 
was employed to determine the pat- 
tern of significance among the several 
means defining that interaction. Of 
particular importance are the differ- 
ences among means for Block 11. 
The results of the Duncan test show 
that (a) the four means found on 
Block 11 for Groups 5, 6, 7, and 8 
are all statistically different, one 
from another, at P < .05, (b) the 
mean for Group 9 is not significantly 
different from that found for either 
Group 6 or Group 7 (P > .05), and 
(c) Group 10 does not differ signifi- 
cantly from Group 8 (P > .05). 

Thus, whereas a statistically sig- 
nificant generalization gradient was 
noted for the data of Block 11, as 
predicted, the form of the gradient 
departs at one point from that 
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expected: the level of proficiency for 
Group 10 was significantly higher 
than anticipated. Coupled with the 
finding that transfer from “difficult” 
versions of the tracking task was 
not significantly greater than that 
from “easy” versions, it is concluded 
that the second hypothesis was con- 
firmed only in part, while support for 
the third hypothesis is only suggested 
by the data. 


Discussion 


The above results indicate that, as a 
variable in complex skill acquisition and 
transfer, component interaction follows 
a fairly predictable pattern. Both the 
hypothesis concerning part-task practice 
(Part I) and the prediction of a general- 
ization gradient (Part II) were supported 
by the data, with but a single departure 
from expectations in each case. The 
data, therefore, reveal no major depar- 
tures from predictions, save the finding 
in Part II that transfer from higher to 
lower levels of component interaction 
was not significantly superior to transfer 
from lower to higher levels. A minor 
surprise comes from the rather low 
index of transfer found in Part I for 
Group 1: after a total of 24 trials of 
practice independently on the pitch 
and on the roll components, that group 
shows only 29% transfer to a whole 
task which involves no component 
interaction. As pointed out earlier, 
this version of the whole task does not 
require S to coordinate his responses 
to the two dimensions of the system, 
and as such it was expected that transfer 
from part to whole tasks would be high, 
at least in the order of 50% or more 
(3, 5). 

The relatively low index of transfer 
found here for Group 1 can be con- 
trasted with that reported by Briggs, 
Fitts, and Bahrick (4), where approxi- 
mately 61% positive transfer was 
achieved by a group (Group 2) which 
transferred after 30 training trials to a 
system identical to that encountered 
here by Group 1. The major difference 
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between the training tasks for these 
two groups is that the present Group 1 
practiced the individual system com- 
ponents (X and Y) while the previous 
group practiced on a simplified but 
two-dimensional version of the common 
transfer task (that earlier training sys- 
tem required $ to track through one 
rather than two stages of integration 
for bank maneuvers). It was shown 
in the earlier report that this reduction 
in number of integral lag terms reduced 
the complexity of both the perceptual 
and the motor responses required of $. 

A critical consideration, then, is that 
the number of dimensions in a whole 
task be preserved in a training system 
to assure a reasonably high level of 
transfer. It follows from this that, 
in determining the characteristics of a 
training task, simplification rather than 
fractionation of a whole task may be 
expected to provide greater amounts of 
transfer, especially when the whole task 
requires or permits simultaneous re- 
sponses to the several components or 
dimensions of the control system. Thus, 
it appears that reduction in an op- 
portunity to integrate component skills, 
as in part practice, is far more detri- 
mental to transfer performance than is 
simplification in either the perceptual or 
motor response requirements. 

For the present, the above generaliza- 
tions should be restricted to whole tasks 
in which simultaneity of responses is 
required or possible. The part-whole 
training data from tasks in which re- 
sponses to the parts must be carried 
out in a serial order appear to be in 
conflict (10, 11). However, Seymour 
(11) suggests that in such tasks either 
pure part- or progressive part-task 
practice schedules are more efficient 
than the whole-task schedule, especially 
when the perceptual requirements of the 
whole task are complex. 


SuMMARY 


Ten groups of 16 Ss each received a total 
of 56 30-sec. trials tracking through simulated 
aircraft control dynamics. The variable under 
consideration was the degree of interaction 
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between two of the major components of this 
tracking system, the lateral and the vertical 
dimensions of flight control. 

Three hypotheses were tested: (a) pure 
part-task practice will be progressively less 
beneficial, measured by transfer performance 
levels, as the degree of component (part) 
interaction is increased in the transfer or whole 
task, (b) transfer performance level will be 
proportional to the similarity of component 
interaction in the training and transfer tasks, 
with (c) transfer from higher to lower degrees 
of component interaction being greater than 
that found when transfer is from lower to higher 
degrees of such interaction. 

The hypotheses were substantiated, in part, 
with the third hypothesis not receiving the 
expected support of statistical significance. 
The theoretical significance of relatively low 
indices of transfer found in the test of the first 
hypothesis was discussed. It was concluded 
that simplification rather than fractionation 
of a whole task provides for the more efficient 
training schedule when the whole requires or 
permits simultaneous responses to the several 
parts. 
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ACQUISITION OF A VERBAL MAZE AS A FUNCTION OF 
METHOD OF CORRECTION AND NUMBER OF 
ALTERNATE CHOICES PER UNIT? 

d R. F. THOMPSON ax» W. J. BROGDEN 


University of Wisconsin 


Experiments by Brogden and 
Schmidt (1, 2) have shown that diffi- 
culty in acquisition of verbal mazes 
increases linearly as a function of the 
number of alternate choices per unit. 
These results hold for total time and 
total errors to the criterion, for mazes 
of 16 and 24 units, and for number of 
alternate choices per unit of 2, 4, 6, 
and 8 for the 16-unit maze and of 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 for the 
24-unit maze. The variable number 
of alternate choices per unit is repre- 
sentative of the dimension of amount 
of discovery as defined by Melton 
(4). The increase in amount of dis- 
covery and the decrease in number of 
like responses that go with increase 
in number of alternate choices per 
unit probably account for the linear 
increase in difficulty of acquisition. 

In view of the discovery component 
of number of alternate choices per 
unit, the acquisition of verbal mazes 
should be less difficult if discovery 
time is reduced by alteration of the 
correction procedure. This hypothe- 
sis was tested and confirmed by 
Thompson (6) by comparing the 
standard correction procedure with a 
modified correction procedure that 
allowed S to make only a single error 
at a choice point, following which E 
gave him the correct response. 
Thompson used mazes of 12 units in 
length that involved 2, 3,4, 5, or 6 
alternate choices per unit. The cor- 
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rect response for each unit was pre- 
sented to S by a memory drum after 
he had spoken the correct response 
(correction procedure) or after a 
single response (modified correction 
procedure). This differed from the 
procedure of Brogden and Schmidt 
in which S spoke the alternate choices 
for each choice point until the correct 
response was made, when Æ spoke 
the word “Correct.” 

The present paper is a report of two 
experiments: one a methodological 
study that has led to modification of 
procedure, and the other designed to 
extend knowledge about the method of 
correction in acquisition of verbal 
mazes of greater length and with a 
greater number of alternate choices 
per unit than studied by Thompson 


(6). 


PROCEDURE 


Experiment I.—This experiment is compar- 
able to the experiment reported by Brogden and 
Schmidt (1) except that the mazes were con- 
structed from 2-digit numbers instead of words 
representing spatial locus and that the response 
was written instead of spoken. The mazes were 
24 units in length with 2, 4, 6, 8, 10, and 12 
alternate choices per unit. 

The S's responses were written on a Telauto- 
graph apparatus, the receiving machine being 
viewed in another room by Æ. Communication 
between E and S was by an intercommunication 
system. The S was given the choices for his 
maze, and instructed in the correction pro- 
cedure. When Æ said “Begin,” S was to write 
down the numbers used in any order until he 
wrote the correct one, whereupon Æ said “For- 
ward" and S moved to the next unit, and so on, 
until one perfect repetition was completed by S. 
A 30-sec. intertrial interval was maintained 
throughout practice. 
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Experiment II.—Mazes of 24 units length 
with 2, 4, 6, 8, 10, and 12 alternate choices per 
unit were learned to the criterion of one perfect 
trial by the standard correction procedure 
and by the modified correction procedure. 
There were 14 Ss in each of the 12 subgroups, 
each S serving in a single subgroup only. The Ss 
were volunteers from the classes in elementary 
psychology at the University of Wisconsin. 
The maze patterns were identical with those 
used in the above study employing Telauto- 
graplf apparatus, and so identical with the 
Brogden and Schmidt (1) patterns, except that. 
2-digit numbers were coded for words. 

The instructions and practice on the mazes 
followed the condition used by Brogden and 
Schmidt (1) except for use of the modified 
correction procedure and use of numbers instead 
of words. Thus, in the correction procedure, S 
was presented with the numbers to be used in 
his maze and told to respond verbally with the 
numbers until he gave the correct response, 
whereupon E said “Forward,” and so on until 
one perfect repetition of the maze was completed. 
In the modified correction procedure, S was told 
to respond only once, whereupon Z gave the 
correct response. In addition, no attempt was 
made in the present experiment to maintain the 
analogy with a spatial maze. The two Es 
each tested half the Ss in each experimental 
condition? The £ recorded each error and the 
time of the trial on prepared data sheets, A 
30-sec. intertrial interval was maintained 
throughout practice. 
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Experiment I—Analyses of vari- 
ance were completed on the time and 
total errors to criterion data. Both 
measures were found to increase 
significantly (595 level) with increas- 
ing number of choices per unit (for 
time, P equaled 6.89 with 5 and 54 df; 
for errors, F equaled 17.08 with 5 and 
54 df). Tests for deviations from 
linearity (5, pp. 317-320) for both 
measures were not significant. Best- 
fitting straight lines were obtained 
for each measure by the method of 
least squares. The comparable data 
from the Brogden and Schmidt study 
(1) for 2, 4, 6, 8, 10, and 12 choices 


2 The authors wish to express appreciation to 
Davis Chambliss who assisted in the conduct 
of the experiment by testing half of the Ss. 
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per unit was combined with the 
present data for both time and total 
errors measures and the pooled data 
treated statistically as a single ex- 
periment, with the two methods of 
running S as one variable. Analyses 


of variance were completed on both ' 


pooled measures, and for both, meth- 
ods and mazes were significant at the 
5% level, but the interactions of 
methods and mazes were in neither 
case significant. For both measures, 
the mean scores obtained in the 
present study are larger than those 
of the Brogden and Schmidt study. 
The significance of the difference 
in slope of the best-fitting straight 
lines for the Brogden and Schmidt 
data and the present data was tested 
by the procedure described by Wilks 
(7, pp. 157-159) for both time and 
total errors. In both cases the t 
ratios were less than one, demon- 
strating no significant difference in 
the slopes of the straight lines ob- 
tained in the two studies. Hence, 
it may be concluded that the two 
different methods of running Ss 
yield functions of the same slope but 
of different absolute magnitude. 
Experiment II.—Analyses of vari- 
ance were completed on the data 
for time, total errors, total first 
errors, and trials to criterion and the 
results are given in Table 1. Since 
Bartlett tests for homogeneity of 
variance of the data indicated sig- 
nificant heterogeneity of variance, the 
1% level of significance will be em- 
ployed in the place of the 5% level. 
The results of the analyses show 
increase for all measures with in- 
creasing number of choices per unit 
(mazes). The two procedures differ 
in terms of time and total errors 
(larger scores for the correction pro- 
cedure) but do not differ in terms of 
first errors and trials. The E is a 
significant variable for total errors 
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TABLE 1 
ANALYSES OF VARIANCE 
Time Total Errors First Errors Trials 
Source af 
MS F MS F MS F MS F 
Mazes (M) 5 | 10,838,670 | 17.14* |1,128,100 | 31.51*| 84,086 | 8.24* | 282 | 3.17* 
Procedures (P) 1 | 31,835,926 | 50.35* |7,716,429 | 215.53* | 17,856 | 1.75 | 363 | 4.08 
Experimenter (E) 1| 3,329,018 | 5.26 | 603,241 | 16.85*| 52,223 | 5.12 | 518 | 5.82 
MXP 5| 2,042,059 | 3.23*| 623,841 | 17.42 | 6,653 | .65 399. 44 
MXE 5 416,364 | .66 54,071 | 1.51 | 2,696 | .26 50. | .56 
PXE 1| 7,406,677 | 11.71* | 474,991 | 13.27*| 19,891 | 1.95 | 82 |. .92 
MXPXE 5| 1,252,134 | 1.98 | 124,922 | 3.49*| 15,097 | 1.48 | 178 | 2.00 
Error 144 632,341 35,801 10,209 89 
* P = 01, 


only. The interaction of mazes and 
procedures is significant for time and 
total errors only. For both time and 
total errors, the procedure by Es 
interaction is significant, and finally, 
the triple interaction of mazes by 
procedures by Zs is significant for 
total errors only. 

An orthogonal polynomials analysis 
was completed on all four measures of 
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Fic. 1. Relation between time (above) and 
total error (below), and number of alternate 
choices per unit with correction and modified 
correction procedures as parameter. 


acquisition (3). For time and total 
errors for both the correction and 
modified correction procedures, the 
linear component, and only the linear 
component, is significant. The equa- 
tions for the best-fitting straight lines 
were computed and are presentėd in 
Fig. 1 with plots of the curves and 
the empirical data points. For the 
trials measure under the modified 
correction procedure, no components 
were significant; under the correction 
procedure, the only significant com- 
ponent was the cubic. No compo- 
nents were significant for the first 
errors measure under the modified 
correction procedure. For the first 
errors measure under the correction 
procedure, however, the linear, quad- 
ratic, and cubic components were 
statistically significant. Equations 
for the trials and first error measures 
under the correction procedure were 
computed and are presented in Fig. 2 
with plots of the curves and the 
empirical data points. 

The significant effect of E and the 
interaction of mazes, procedures, and 
E on the total errors measure (Table 
1) were at first thought to be due to 
sampling differences, since the two 
Es ran Ss in different semesters, thus 
failing to fulfill completely the re- 
quirement of randomization. In or- 
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der to check on sampling differences, 
the Ss' grades and ACE scores were 
obtained and analyses of variance 
were completed to compare the two 
groups of Ss on these measures. No 
significant differences between groups 
were found. Hence it seems reason- 
able to conclude that the differences 
are a function of E and are not due to 
sampling error. Total errors" to the 
criterion are plotted against number 
of alternate choices per unit in 
Fig. 3 with Zs and procedures as the 
parameters. d 

The curves for both Zs are essen- 
tially the same with the modified 
correction procedure, but with the 
correction procedure the curves of 
Es for both time and errors show 
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Fic. 2. Relation between trials to criterion, 
correction procedure (above); and relation 
between first errors to criterion, correction 
procedure (below), and number of alternate 
choices. In the equation for each of the two 
curves, x = 0 is the midpoint (7) for the scale 
of the independent variable, number of alter- 
nate choices per maze unit. Each positive or 
negative unit of x is equal to two units of the 
independent variable. 
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Fic. 3. Relation between time (above) and 
total errors (below) and number of alternate 
choices with E and Procedure as parameters. 


much greater values for the mazes 
with more than six alternate choices 
than do the curves for Fy. 


Discussion 


The results of Exp. I demonstrate 
that use of numbers and written rather 
than spoken responses have no effect 
upon the form of the functions obtained 
in 24-unit verbal mazes over differing 
numbers of alternate choices per unit. 
Numbers were found to be simpler in 
terms of presentation to $ than were 
the directional words used previously 
(1, 2), and were adopted for Exp. lI 
and in subsequent work with verbal 
mazes. 

In Exp. II, the results of the analyses 
of variance and the orthogonal polyno- 
mials analyses for time and total errors 
are in complete agreement with those 
obtained by Thompson (6) for the 
12-unit directional word verbal mazes. 
Both measures increase linearly with 
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increasing numbers of alternate choices 
per unit, but the slopes of the functions 
for the correction procedure are steeper 
than those for the modified correction 
procedure (see Table 1 and Fig. 1). 
For the measures trials and first errors, 
no effect of number of choices was 
obtained under the modified correction 
procedure. With the correction pro- 
cedure, the effect on trials has only 
significant cubic components whereas 
that for first errors has significant 
linear, quadratic and cubic” functions 
(see Fig. 2). These results are similar 
to those obtained by Thompson (6) 
in that significant effects for trials and 
first errors were obtained only for the 
correction procedure, but different in 
that the functions were linear. The 
difference between 12 and 24 units of 
length for the mazes in the two experi- 
ments probably accounts for the dif- 
ference in results. The 24-unit maze 
represents a learning task of consider- 
ably greater difficulty. The question- 
able validity of trials in comparing 
mazes (see discussion by Brogden and 
Schmidt [1], and Thompson [6]) and 
the lack of any reasonable hypothesis 
to account for the cyclical variation in 
number of trials to acquire the maze 
as a function of number of alternate 
choices place the fitted function in an 
indeterminate category. The fitted 
function for the relationship of first 
errors and number of alternate choices 
with the correction procedure must be 
placed in the indeterminate category 
also because of the lack of any reasonable 
hypothesis. 

The significant effects of Hs and the 
interactions of Es by Procedures and 
Es by Procedures by Mazes for total 
errors and of Es by Procedures for time 
(Table 1) are shown in Fig. 3 to be 
primarily a function of more errors and 
more time under the correction pro- 
cedure for Ss run by E» on mazes with 
six or more alternate choices than for 
Ss tested by Ey. That interaction 
occurs between Æ and S in experiments 
on learning is self-evident, but in general 
E has not been considered to be a critical 


variable in determining the experimental 
results. In the present experiment, 
there is much more interaction between 
E and S with the correction procedure 
than with the modified correction pro- 
cedure. The quickness of E’s response 
“Forward” when S makes the correct 
responsé, his tone of voice, and other 
personal characteristics appear to be 
representative of the kinds of difference 
in behavior between Es that might 
account for the difference in performance 
by Ss, Even though precise informa- 
tion is lacking on what differences be- 
tween Es are responsible for the differ- 
ences in experimental results, the effect 
is of considerable importance. Experi- 
menter effects may be responsible for 
differences in experimental results when 
the same experiment has been replicated 
in different laboratories by different Es. 
In any case, consideration must be 
given always to the possibility in many 
experiments on learning that the ob- 
tained results are in part a function of 
the personal characteristics of E. 


SUMMARY 


When the experimental procedure of Brogden 
and Schmidt (1, 2) was changed in Exp. I 
from a vocal to a written response and from 
words to 2-digit numbers, the relations between 
time and total errors to the criterion and num- 
ber of alternate choices per maze unit were 
comparable except for the absolute magnitude 
of the measures. 

In Exp. II Ss learned the mazes of Exp. I 
under two procedures—the standard correction 
procedure and a modified correction procedure, 
Two Es tested half the Ss in each of 12 condi- 
tions (number of alternate choices per unit of 
2, 4, 6, 8, 10, or 12, and correction and modified 
correction procedure). 

Significant differences in slope were found 
for the linear. functions of time and of total 
errors and number of alternate choices for the 
correction and modified correction procedures 
comparable to those obtained by Thompson 
(6) for the 12-unit word maze. Statistically 
significant effects of Es were obtained for the 
functions of time and total errors primarily 
under the correction procedure. This latter 
result suggests that consideration must be 
given to the possibility in many experiments on 
learning that the results may in part be a func- 
tion of the personal characteristics of £. 
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MOTIVATION SHIFT IN A COMPLEX LEARNING TASK' 


DAVID BIRCH 


University of Michigan 


Theoretical analyses and experi- 
mental investigations growing out of 
the Hullian postulate relating habit 
and drive, R = f(E) =f(H X D), 
have emphasized the importance of 
the initial response hierarchy in 
determining performance (15, 18). 
According to the theory, an increase 
in the strength of D should result in 
improved performance if the response 
hierarchy is such that the correct 
response tendency is dominant, but 
may result in no difference or even in 
poorer performance if incorrect com- 
peting responses are relatively equal 
in strength to the correct response 
(a so-called complex learning task). 
Experimental studies, which have 
produced data relevant to the theory, 
have employed two methods for 
obtaining differences in D among 
groups. In some studies (3, 6, 7, 11, 
12, 16, 17, 18, 19, 20), Ss were selected 
for degrees of emotionality by the 
Taylorscale (21). Other experiments 
(1, 9, 13) have performed experimental 
manipulations designed to produce 
differential D levels in Ss while 
combinations of selection and manipu- 
lation have also been used (5, 8, 10, 
14). In these studies, which range 
considerably in complexity, the as- 
sessment of the initial response hier- 
archy was made on a priori grounds, 
and traditional learning measures, 


such as trials and/or errors to cri- 
terion, were used to evaluate the 
theory. 1 

The present study is concerned 
with the effects of an experimentally 
introduced shift in motivation on 
performance in a complex task but 
utilizes an alternative method. In 
brief, the application of the method 
is as follows: Ss are allowed the 
opportunity to learn R; to two sets of 
single stimuli, Sai and Spi, and Re 
to two other sets of single stimuli, 
Sa» and Spe, and are tested on the 
single sets, San Sas Spi, and Sss, 
and also on the compound sets, 
SaiSpi and SasSpe. At a given level 
of training Ss are divided into two 
groups, one of which received in- 
structions designed to increase its 
level of D over that of the other, 
and tested again on the complete 
sets of stimuli. Thus, the method 
attempts an assessment of the re- 
sponse hierarchy of the two groups 
before and after a differential shift 
in motivation. A model for re- 
sponse tendency combination (4), 
constructed to treat the problem of 
the probability of correct response to 
a two-element compound stimulus as 
a function of the probability of cor- 
rect response to the two elements 
where two responses are available to 
S, is appropriate for the assessments. 


Application of the model allows the determination of the values of four parameters from the data. 
These parameters are Pr(Da>4), Pr(Da<—4), Pr(Ds>d), and Pr(Ds<—d) where Da and Dp 


are the differences between the correct and inco: 


parameter, d, is chosen so t 


Pr(A,;t[Da>d)=1, Pr(A,+|Das—d)=0. 
Pr(B,+|Ds>4)=1, Pr(B,+|Ds<—d)= 
tried out under a project with the Michigan Bell Telephone Company. 
Daniel Solomon and Astrid Beigel served as Es. 
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l'This study was cai 


rrect E's for Stimuli A and B, respectively. The 
fiat the following conditional probabilities are satisfied : 


, Pr(A,+|—d<Da<d)=.5, 
and Pr(B,+|—d<Ds<d)=.5. 
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For convenience, a single symbol, d, has been used in these expressions though there is no necessity 
that |—d| = d or that the d’s be equal for A and B. 
Tt follows that 


Pr(A,+)= (.5)[1+Pr(Da>d)—Pr(Da<—d)] Oy 


Pr(B,+)=(.5)[1+Pr(Ds>d)—Pr(Dp<—d)] - D 


where Pr(A,--) and Pr(B,4-) are the probabilities of correct response to the single stimulus sets, 
Aand B. Four classes of compound stimuli, (A,+;B,+), (A,+;B,—), (A,—;B,+) and (A,—;B,—), 
in the expected proportions, Pr(A,+)-Pr(B,+), Pr(A,4-).Pr(B,—), Pr(A,—)-Pr(B,4-) and 
Pr(A,—)-Pr(B,—), where Pr(A,—)=1—Pr(A,+) and Pr(B,—) = 1—Pr(B,+), result from the 
construction of the compound stimuli. The probabilities of correct and incorrect response to these 
four classes of the compound stimuli are: 

Pr(AB,+/A,+5B,+)[Pr(A,+)-Pr(B,+)] = (.5)[Pr(A,+)-Pr(B,+)+Pr(Da>d)-Pr(B,+) 
+Pr(Dp2d)-Pr(A,+)— Pr(Da>d)-Pr(Dp>d)] [3] 


Pr(AB,=|A,-+5B,+)[Pr(A,+)-Pr(B,+)] = Pr(A,-+)-Pr(B,-)[1—Pr(AB,+|A,+;B,+)] [4] 


Pr(AB,+|A,+5B,—)[Pr(A,+)-Pr(B,—)] = (.5)[Pr(A,+)-Pr(B,+)—Pr(Da>d)-Pr(B,+) 
—Pr(Dp>d)-Pr(A,+)+Pr(Da>d)] [5] 


Pr(AB,—|A,+5B,—)[Pr(A,+)-Pr(B,—)] = Pr(A,+)-Pr(B,—)[1—Pr(AB, +|A,+;B,—)] [6] 


Pr(AB,-+|A,—5B,+)[Pr(A,—)-Pr(B,+)] = (.5)[Pr(A,-+)-Pr(B,+) —Pr(Da>d)-Pr(B,-+) 
—Pr(Ds>d)-Pr(A,+)+Pr(Dp>d)] [7] 


Pr(AB,—|A,—;B,+)[Pr(A,—)-Pr(B,+)] = Pr(A,—)-Pr(B,+)[1—Pr(AB,-+ A,—;B,+)] [8] 


Pr(AB,+|A,—3B,—)[Pr(A,—)-Pr(B,—)]] = (.5)[Pr(A,+)-Pr(B,-+)—Pr(Da>d)-Pr(B,-+) 
—Pr(Da2>d)-Pr(A,+)+Pr(Da>d)-Pr(Ds>d)] [9] 


and 


and 
Pr(AB,—|A,—;B,—)[Pr(A,—)-Pr(B,)] = Pr(A,—)-Pr(B,—)E1—Pr(AB,+|A,—;B,—)] [10] 


In addition, the total probability of correct response to the compound stimuli, arrived at by summing 
Equations 3, 5, 7, and 9, is 


Pr(AB,+) = 2Pr(A,+)-Pr(B,+)+Pr(Da>4)[(.5)—Pr(B,+)] 
+Pr(Ds>a)[(.5)—Pr(A,+)] LH] 


The purpose of the present experiment is to investigate the effects of a shift in motivation on 
performance in the light of the model. Consider Stimulus A where Pr(Da>d) and Pr(Da<—d) 
have known values under the standard motivational conditions of the experiment. According toa 
multiplicative relationship between H and D, an increase in D should result in an increase in |Da| 
and tend to increase both Pr(Da>d) and Pr(DAX—d). Conversely, a decrease in D would be 
expected to decrease both parameters. Corresponding effects should occur for Stimulus B. 

An increase in D has the following implications for Equations 1-11: Pr(A,4-) and Pr(B,+) involve 
compensating effects and should not change appreciably; Pr(AB,+|A,+;B,+)[Pr(A,+)-Pr(B,+)] 
and Pr(AB,—|A,—;B,—)[Pr(A,—).Pr(B,—)] should increase; Pr(AB,—|A,4-;B,4-) EPr(A,4-) 
Pr(B,--)] and Pr(AB,4-|A,—;B,— )[Pr(A,—)-Pr(B,—)] should decrease while Pr(AB,+|A,+;B,—) 
CPr(A,+)-Pr(B,—)], Pr(AB,— |A,+5B,—)[Pr(A,+)-Pr(B,—)],  Pr(AB,+|A,—3B,+)[Pr(A,—): 
Pr(B,4-)], Pr(AB,—|A,—;B,+)[Pr(A,—)-Pr(B,+)], and Pr(AB,4-) are indeterminate because of 

a lack of knowledge of the relative magnitude of the effects. The experiment is designed to test the 
predicted shifts in the theoretical parameters, Pr(Da>d), Pr(Da<—d), Pr(Dg>d), and 
Pr(Dp<—d) and in the observed values of the four relevant categories of the compound stimuli. 


METHOD ing in the experiment. Twelve Ss were dis- 
: carded for failure to follow instructions. 
Subjects.—The Ss were 108 males obtained Apparatus—In order to provide learning, 


from the introductory psychology class'and ^ two sets of stimuli, SA — letter pairs (L) and 
paid at the rate of $1.00 per hour for participat- Ss = number pairs (N), of 20 items each were 
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presented individually in a random sequence 
on flash cards for 10 sec. with the correct re- 
sponse exposed during the first 5 sec. One-half 
of the letter pairs (Sai) and one-half of the num- 
ber pairs (Spi) were to be associated with the 
response, JIX, and the other half of each set 
(Sas) and (Spe) were to be associated with the 
response, DAC. 'The 20 letter pairs were 
constructed by pairing the 10 letters, B, F, G, 
H, K, N, Q, S, Y, and Z, in such a fashion that 
each letter appeared in the first position twice, 
once to be associated with JIX and once with 
DAC, and in the second position twice, again 
once to be associated with each response. No 
two letters were ever paired with each other more 
than once. The 10 digits, 0 through 9, were 
treated in like manner. i 

Three sets of compound stimuli (LN) were 
constructed for use in the test series by joining 
on one flash card a letter pair and a number 
pair, chosen at random without replacement 
under the restriction that the same response be 
correct for both the letter pair and the number 
pair. Table 1 shows the complete set of stimuli 
and the assignment to the two response 
categories. 

Procedure.— Twelve groups, composed of ap- 
proximately nine Ss each, participated as units 
in the experiment. The Ss were introduced 
to the apparatus and instructed that they were 
to learn the correct response, JIX or DAC, to 
each of the 40 stimuli. Learning series were 
alternated with test series, and Ss recorded their 
responses on prepared sheets of paper only 
during the test series when the stimuli alone were 
presented. Two learning and three test series 
were given. In the first learning series, each 
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of the 40 stimuli along with the correct response 
was shown once while the second learning series 
allowed two trials on each of the 40 S-R com- 
binations. 

Each test series was made up of the 40 single 
stimulus pairs and 20 compound stimuli as 
indicated in Table 1. After the second test all 
Ss received a third test without an intervening 
learning series. Between the second and 
third tests Ss in the Control group (N = 44) 
were told only that they would receive another 
test immediately whereas Ss in the Increased 
Motivation (IM) group (N = 52) were in- 
structed that they were to be paired at random 
with each other and that an extra dollar would 
be awarded to that member of each pair who 
scored higher on the next test, to be given 
immediately. These instructions for the IM 
group were adapted from those used by 
Atkinson (2). 


RESULTS 


The differences in performance for 
the IM and Control groups on Tests 2 
and 3 relate directly to the hypothesis 
under test. In order to gain more 
information, both about the model 
and about the effect of the motivation 
shift, each group was divided at its 
median number of compound stimuli 
correct on Test 2 to form a High and 
a Low subgroup for the two condi- 
tions. Equal-sized subgroups were 
obtained by assigning at random two 


TABLE 1 


AssiGNMENT OF THE LETTER Pairs AND NuMBER PAIRS TO THE Two RESPONSE CATEGORIES, 
JIX anv DAC, anv THE Compounp STIMULI Usep IN THE THREE Tests 


Compound Stimuli (LN) 
Letter Pairs Niiranen Pairs 
Y y Test 1 Test 2 Test 3 

JIX DAC JIX DAC JIX DAC JIX DAC JIX DAC 

B 09 06 | BF 12 | BN63 | BF 09 | BN92 | BF 45 | BN 59 
FG FO 12 17 | FG27 | FQ I7 | FG 68 | FQ 80 | FG 12 | FQ 75 
GZ GS 27 24 | GZ 50 | GS 41 | GZ 45 | GS 59 | GZ 09 | GS 06 
HQ HY 31 38 HQ 84 | HY 92 | HQ 31 | HY 38 | HQ 68 HY 24 
KB KZ 45 41 KB 45 | KZ 06 | KB 27 | KZ 63 | KB 84 | KZ 80 
NH NF 50 59 | NH96 | NF 75 | NH12 | NF 17 | NH73 | NE 41 
QS QG 68 63 QS 31 | QG 38 | OS 73 | QG75 | QS 96 | QG 92 
SK SH 73 75 SK 73 | SH 59 | SK 50 | SH 24 | SK 27 | SH 17 
YN YK 84 80 | YNO9 | YK24 | YN 84 | YK 41 | YN 50 | YK 38 
ZY ZB 96 92 | ZY 68 | ZB 80 | ZY 9% | ZB 06 | ZY 31 | ZB 63 
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TABLE 2 


OBSERVED PROPORTION OF CORRECT AND INcoRREcT RESPONSES BY THE Two LEVELS OF THE 
Increasep MOTIVATION AND CONTROL Groups To THE LETTERS, NUMBERS, 
AND Compounp STIMULI For Tests 2 AND 3 


Increased Motivation Control 
Responses High Low High Low 
Test 2 | Test 3 | Test 2 | Test 3 | Test 2 | Test 3 | Test 2 | Test 3 
Pr(L, +) .658 | .692 | .571 | .527 | .739 | .668 | .593 | .577 
Pr(N, +) 717 | .758 | .550 | .554 | .741 | .759 | .580 | .561 
Pr(LN, +) .802 | .756 | .537 | .575 | .827 | .786 | .577 | .645 
Pr(LN, +|L, 4-; N, +) 442 |°.500 | .221 | .229 | .527 | .459 | .261 | .286 
[Pr(L, +)-Pr(N, +)] 
Pr(LN, — |L, +; N, +) -046 | .044 | .088 | .060 | .041 | .048 | .075 | .027 
LPr(L, +)-Pr(N, +)] 
Pr(LN, tL, +; N, —) 119 | .071 | .112 | .112 | .130 | .118 | .127 | .143 
Pr(L, +)-Pr(N, —)] 
Pr(LN, —|L, +;N, —) -050 | .077 | .150 | .127 | .041 | .043 | .130 | .120 
[Pr(L, +)-Pr(N, —)] 
Pr(LN, +|L, —; N, +) .185 | .160 | .133 | .158 | .141 | .184 | .148 | .175 
LPr(L, —)Pr(N, +)] 4 
Pr(LN, —|L, — ; N, +) 044 | .054 | .108 | .108 | .032 | .068 | .095 | .073 
LPr(L, —)-Pr(N, +)] 
Pr(LN, HL, —; N, —) -056 | .025 | .071 | .077 | .030 | .025 | .041 | .041 
LPr(L, —)Pr(N, —)] 
Pr(LN, —|L, —; N, —) .058 | .069 | .117 | .131 | .059 | .055 | .123 | .134 
[Pr(L, —):Pr(N, —)] 


Ss in the IM group and one S in the 
Control group with scores of 14 (the 
median scores for the two groups) 
to the Low subgroups. Table 2 
contains the observed proportion of 
correct and incorrect responses by 
the two levels of the IM and Control 
groups on the Letters, Numbers, 
Compound Total, and the four classes 
of the compound stimuli for Tests 
2 and 3. The bases for the proportions 
are 520 (26 Ss X 20R's) for the IM 
subgroups and 440 (22 Ss X 20R's) 
for the Control subgroups. 

The patterns of change from Test 2 
to Test 3 over the four subgroups for 
the Letters, Numbers, and Compound 
Total are irregular. More important 
to the test of the theory, however, 
are the changes in the responses for 
the four relevant categories of the 
compound stimuli. Table 3 presents 
the Test 3 minus Test 2 differ- 
ences for the two levels of the IM 


and Control groups for these cate- 
gories classified in terms of the 
(L,+;N,+) and (L,—;N,—) stimuli 
and the response direction to LN 
same as, or opposite to, that of the 
elements. According to the theory 
it is anticipated that the dif- 
ferences for the IM group should 
be positive for 


(LN, +|L,+;N,+) 
[Pr(L,+)-Pr(N,+)] 
and | 
(LN, —|L,—;N,—) 
[Pr(L,—)-Pr(N,—)], 
and negative for 
(LN, —IL,4-;N,4-) 
[Pr(L, 4-)-Pr(N,4-)] 
and 
(LN,--[L, —;N,—) 
[Pr(L, —)-Pr(N, 2) 
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That this general pattern appears to 
hold for the IM group and a some- 
what different pattern for the Control 
group may be seen in Table 3. 

Table 4 summarizes the analysis 
of variance for the four dimensional 
factorial design of Table 3. Four 
Test 3 minus Test 2 difference scores, 
one for each category of concern, 
were determined for each of the 96 Ss, 
and the differences for categories 


(LN, — |L, 4-;N,4-) 
[Pr(L,+)-Pr(N,+)] 


and 


(LN, 4-|L, —;N, —) 
[Pr(L,—)-Pr(N, —)] 


were multiplied by —1 so that the 
positive scores would indicate the 
direction of the hypothesis. 

The main effect for Motivation 
Conditions fails to reach the 5% level 
of significance (F — 3.15, 1 and 92 df, 
P €.10) but the MC X L inter- 
action is significant at the 1% level. 


TABLE 3 


OnsrnvEp Test 3 Minus Test 2 PROPORTION 
DIFFERENCES FOR THE Two LEVELS OF THE 
Increasep Morivation AND CONTROL 
GROUPS on THE Four SELECTED CATE- 
GORIES OF TABLE 2, CLASSIFIED IN 
Terms or Strutt, (L,+;N,+) AND 
(L,—;N,—), AND RESPONSES TO 
LN, SAME or OPPOSITE TO THE 
ELEMENTS OF THE STIMULI 


¥ 
Increased 
Motivation Control 
Motiv. | Stimuli ear Response 
Same | Oppo- | Same | Oppo- 
site site 
High |(L-;N,4-).058 |-.002 |-.068| — .007 
(L,—:N,—),.011 |—.031 |—.004| —.005 
Low |(L,4-;N,4-).008 |—.028 | .025| —.048 
(L—:N,—).014 | .006 | .011| .000 


TABLE 4 


AwaLvsis oF VARIANCE ON THE Test 3 Minus 
Test 2 DIFFERENCES FOR THE Four 
SELECTED CATEGORIES OF THE 
Compounp STIMULI 


Source af F 
Between Ss 95 
Motivation Cond. ; 3.15 
(MC) 
Levels (L) 1 1.17 
CxL 1 7.89** 
Error (b) 92 (3:55) 
Within Ss 288 

Stimuli (S) 1 031 
Responses (R) 1 0.31 
MCXS 1 0.78 
MCXR 1 2.95 
LXS 1 4.14* 
LXR 1 0.04 
SXR 1 0.38 
MCXLXS 1 3.38 
MCXLXR 1 2.07 
MCXSXR 1 3.18 
LXSXR 1 2.57 
MCXLXSXR $ 3.88* 
Error (w) 276 (2.74) 


Note.—Mean squares for error in parentheses. 
*P = 05. 
**P = 01. 


Because of the significant MC X L 
interaction, separate tests between 
the two motivating conditions were 
carried out at the High and Low 
levels. The mean Test 3 minus Test 
2 difference of .102 for the IM-High 
subgroup differs significantly from 
the mean difference of —.075 for 
the Control-High subgroups at the 
5% level (F = 10.51, 1 and 92 df) 
while the mean differences of .044 
and .084 for the IM-Low and Control- 
Low subgroups, respectively, yields 
an F less than 1. Of the Within Ss 
components of variance only the 
LXS and MXLXS XR inter- 
actions reach significance at the 5% 
level. : 

The values of the theoretical pa- 
rameters, Pr(DL>d), Pr(DrX —d), 
Pr(Dn>d), and Pr(Dy<~—d), ob- 
tained from Equations 3-10 in con- 
junction with the data of Table 2, 
are shown in Table 5. In solving 
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TABLE 5 


Derven Vatues or Pr(DL>d), Pr(Dt<—d), Pr(Dy>d) Ax» Pr(Dy<—d) ron THE Two 
LEVELS or THE IxcREAsED MOTIVATION AND CONTROL Groups on Tess 2 AND 3, 
CLASSIFIED IN TERMS OF STIMULI AND DIRECTION oF DIFFERENCE 


Increased Motivation Control 
Perel of Stimuli Test Direction of Difference Direction of Difference 
Dza | M<-a | o24 | ws-a 
Letters 2 .333 .017 511 .033 
High 3 434 050 391 .055 
Numbers 2 4466 .032 .533 .051 
3 .628 112 .527 .009 
Letters 2 277 .135 .280 .094 
Low 3 176 122 194 040 
Numbers 2 318 218 .323 .163 
3 .268 -160 257 $135 
TABLE 6 


PREDICTED PROPORTION OF CORRECT AND Incorrect RESPONSES BY THE Two LEVELS OF THE 
INCREASED MOTIVATION AND CONTROL GROUPS TO THE COMPOUND STIMULI 
For Tests 2 anp 3 


Increased Motivation Control 

High Low High Low 
"Su as B dee pos gee Ai Tere 
Pr(LN, +) -798 | .816| .592 |.568 | .845 | .825 | .635 | .615 
Pr Bhs ci uh -431| .508 | .280|.242| .524 | .475 | .304 | .265 
PUR VR d -041| .017 | .034|.050| .024| .032| .040 | .058 
PUEN ee oe 4130 | .097 | .129 |.115 | .143 | .125 | .135 | .130 
PEN s E. imd 057 | .070| .128 |.120| .048| .036 | .114 |.123 
PE ons 96 | .194 | .149 |.161 | .154| .193| .156 |.162 
PNE s m) -049 | .039 | .087 |.101| .039 | .059 | .080 | .076 
Pe nee East 041} .017 | .034 | .050 | .024| .032| .040 | .058 
MR 056} .058 | .159 |.161 | .044 | .048 | .131 | .127 
2 (Obs.-Pred.) -004 |—.060 |—.055 | .007 |—.018 |—.039 |—.058 | .030 
A (Qos-Preds (Obs.-Pred.)? for (LN,+) |.012} .022| .037|.015| .010| .010 | .022 | .016 
(LN, —) | .005) .017 | .037 | .017 | .012| .O10| .021 | 0.16 


MOTIVATION SHIFT IN A COMPLEX LEARNING TASK 


for the values of Table 5, all eight 
equations were used in contrast to 
the method previously employed (4). 
The values of Table 5 were sub- 
stituted in Equations 3-10 to arrive 
at the predicted values of Table 6. 
The adequacy of the fit is indicated 
by the difference in observed and 
predicted scores and the root mean 
squares of the differences presented 
at the bottom of Table 6. 

With some confidence in the fit 
of the model to the data, an examina- 
tion of the shifts in the theoretical 
values of Table 5 is in order. For the 
IM-High subgroup all four values 
increase from Test 2 to Test 3. How- 
ever, with the exception of the shift 
in Pr(DL< —d) for the Control-High 
subgroup all other values of Table 
5 decrease from Test 2 to Test 3. 
An analysis of variance, summarized 
in Table 7, was carried out on the 


TABLE 7 


Summary OF THE ANALYSIS OF VARIANCE ON THE 
Trst 3 Minus Test 2 DIFFERENCES FOR 
Derivep Varvuzs or Pr(Dr2d), 
Pr(Di<—d), Pr(Dx24) 

AND Pr(Dy<—d) 


Source df F 
Between subgroups 3 
Motivation conditions 1 8.35* 
(MC) 
Levels (L) 1 13.78** 
MCXL 1 7.61* 
Within subgroups 12 (.002135) 

Stimuli ($ 1 0.62 
Direction of difference 1 0.16 
Me xs 1 0.005 
MC X DD 1 0.86 
LXS 1 0.16 
LX DD 1 0.53 
S X DD 1 1.12 
MCXLXS 1 0.14 
MCXLXDD 1 1.00 
MC X S X DD 1 0.05 
L X SX DD 1 0.15 
MCXLXSXDD 1 (.004424) 
Note.—Mean squares for error in parentheses. 


* P = 05. 
P= O1, 
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factorial combination of the Motiva- 
tion Conditions, Test 2 Performance 
Levels, Stimuli (Letters and Num- 
bers), and Response Direction (D>d 
and D € —d) dichotomies to evaluate 
the Test 2 to Test 3 shifts. This 
analysis indicates no significant differ- 
ences attributable to the Stimuli or 
Response Direction factors, either as 
main effects or in interactions, Ac- 
cordingly, the Within Subgroups vari- 
ation was pooled to provide the error 
term for testing the Between Sub- 
groups components, each of which 
is significant beyond the 5% level. 
The over-all mean difference in 
shift for the IM group is .019 and for 
the Control group, —.048. Separate 
tests between the two motivating 
conditions show that the IM-High 
mean shift of .094 differs from the 
Control-High mean shift of —.036 
at the .5% level of significance 
(F = 15.95, 1 and 12 df), whereas 
for the Lows, the IM and Control 
mean shifts of —.056 and —.058, 
respectively, yield an F less than 1. 
This pattern of significance of differ- 
ences between the motivating condi- 
tions for the two levels of performance 
on Test 2 is the same as was found 
in the analysis of the Table 3 data. 


Discussion 


The present study, designed to ex- 
amine the effects of a shift in moti- 
vation on a complex task, points up 
the intricacies of such investigations. 
By definition, a complex task is one in 
which more than one response tendency 
may be operative in producing the 
response and, as such, calls for an 
analysis of the response hierarchy if 
successful predictions are to be made. 
Such an analysis was made in the present 
study by a model for response tendency 
combination, and the fit of the model 
to the data appears quite satisfactory. 

The model, which, in conjunction 
with the Hullian postulate of D X H, 
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forms the basis for the analysis of the 
data, suggests that the direction of 
the gross shifts of Pr(L,+), Pr(N,+) 
and Pr(LN,+) as a function of change 
in D are indeterminate because of com- 
pensating effects among the components. 
That no uniform direction of shift oc- 
curred for these values in the present 
data is shown clearly in Table 2. 

The model does indicate, however, 
that consistent, differential shifts for 
the IM and Control groups from Test 2 
to Test 3 should be found in two aspects 
of the data. Changes in D, presumed 
to be effected by the differential in- 
structions to the two groups, should be 
manifested by differential shifts for 
the groups in the theoretical values, 
Pr(Di2d) Pr(Du<—d), Pr(Dxw2d), 
and Pr(DxX —d), and in certain cate- 
gories of the compound stimuli. Analy- 
sis of the data tend to bear out the 
theory in both instances. 

An over-all increase in the theoretical 
values for the IM group as a function 
of increased D is as expected from the 
theory while the over-all decrease in 
these values for the Control group sug- 
gests that the instructions to this group 
may have been D decreasing. The data 
from the compound stimuli relevant to 
the hypothesis, 


Pr(LN,+|L,+;N,+) 
[Pr(L,+):Pr(N,+)], 
Pr(LN,—|L,+;N,+) 
[Pr(L,-+)-Pr(N,+)], 
Pr(LN, +/L,—3N,—=) 
[Pr(L,—)-Pr(N,—)] 
and 


Pr(LN,— [L,—;N,—) 
[Pr(L,—)-Pr(N,—)] 


show a pattern of shift for the IM group 
predicted by an increased D while the 
Control group tends to show no shift. 
Analyses on both sets of data, how- 
ever, show an interaction effect between 
the motivating conditions and the level 
of performance on Test 2. It is clear 
that the theory is supported in both 
cases by the results from the IM-High 
and Control-High subgroups. The re- 
sults for the IM-Low and Control-Low 
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subgroups are not equally clear since 
there appears to be no difference be- 
tween these two subgroups in either 
analysis. This result would not be at 
variance with the theory, however, 
if it could be shown either that the 
motivating instructions affect the High 
and Low subgroups differentially or that 
Dz and Dy for the Low subgroups are 
not sufficiently large to be affected sig- 
nificantly by the change in D employed. 


SUMMARY 


An hypothesis, relating to the effects of a 
shift in motivation on the performance of a 
complex learning task, was derived from the 
Hullian postulate of D X H in conjunction with 
a model for response tendency combination. 
A total of 96 men were divided into two groups 
and allowed equal opportunity to learn to 
categorize letter pairs and number pairs into 
one of two response classes. Both groups were 
tested on the letter and number pairs and on 
letter-number compound stimuli before and 
after differential motivating instructions. Anal- 
yses of the shifts in performance for the two 
groups on two aspects of the data—the theoreti- 
cal parameters of the model and the relevant 
categories of the compound stimuli—support the 
use of the model in gaining information about the 
response hierarchy and also the general hypoth- 
esis of a direct relationship between D and specific 
response tendencies. The results emphasize 
the importance of a knowledge of the response 
hierarchy in the experiments dealing with 
complex learning tasks since gross measures 
of performance may cover up or disguise $ys- 
tematic variation in the components of these 
measures, 
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THE ACQUISITION OF IMITATIVE AND OPPOSITION 
| RESPONSES UNDER TWO CONDITIONS OF 
INSTRUCTION-INDUCED SET! 
VERA T. KANAREFF anp JOHN T. LANZETTA 
Fels Group Dynamics Center, University of Delaware 


In several recent studies of imita- 
tive behavior (6, 7) a lower proportion 
of imitative responses during acquisi- 
tion was obtained for adult Ss than 
in the early Miller and Dollard 
studies of children and rats (5). To 
account for this poorer performance, 
Schein (6) proposed that adults may 
associate guilt or anxiety with imita- 
tive behavior in a "test" situation. 
A series of studies by Luchins (4) 
indirectly supports Schein's specula- 
tion by demonstrating that acquisi- 
tion of imitation in older children 
may also be affected by guilt or 
expectations of punishment. In 
Luchins’ studies, even when a con- 
federate gave obviously true answers, 
not all Ss consistently agreed with 
these answers. Confirmation of the 
partner's responses and' clarification 
of the evidence were attempted in 
order to obtain 100% agreement, 
but consistent agreement resulted 
only when Ss were given some means 
for direct measurement. Subsequent 
interviews indicated that those Ss 
who did not imitate consistently 
thought they might “get into trouble” 
or be considered "cheats" if they did 
imitate. 

The above results suggest at least 
two variables that may affect the 
rate and level of acquisition of an 
imitative response in a choice situa- 


1The writers wish to express their apprecia- 
tion to Stuart Cook for his discussion concerning 
the variables, to Jo Anne Davis for her assistance 
in collecting and analyzing the data, and to 
Seymour Berger for his assistance in conducting 
pilot research on this problem. 


tion: the instrumental values of the 
imitative response and the other 
response alternatives and the antici- 
pated social consequences (e.g., social 
approval or disapproval) associated 
with these behavior alternatives. Con- 
flict will presumably arise in those 
situations in which a given behavior 
pattern such as imitation is instru- 
mental to goal achievement but 
where negative sanctions for that 
behavior pattern are anticipated.* For 
example, either expectations that 
imitation is not legitimate or anxiety 
previously conditioned to imitation. 
may be elicited in test-like situations, 
and yet in some of these test-like 
situations imitation may be the only 
effective means for doing well on the 
task. Since expectations of disap- 
proval should increase as the number 
of imitative responses increases one 
might anticipate that a general method 


` of resolution of such conflicts*would 


be an oscillating behavior ssequence. 
The total number of imitative re- 
sponses in these sequences would be 
less than would be obtained under 
neutral or positive sanctions but 
greater than would be obtained if 
imitation were no more instrumental 
to goal achievement than any other 
response alternative. 

In the present investigation, the 
acquisition of imitation and opposi- 
tion responses in adult Ss is examined’ 
under two instruction-induced sets 
differing in the extent to which guilt 
for imitative responses would be 
elicited: one set of instructions was 
designed to induce negative sanctions 
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towards imitative behavior, the other 
was designed to induce neutral or 
slightly positive sanctions. In addi- 


_ tion was manipulated by varying the 

` percentage of partner's choices which 
were considered correct; ie, the 
three probabilities of occurrence of 
reinforcement for imitation were .80, 
-50, and .20. 

The primary hypothesis under in- 
vestigation may be stated as follows: 
As the instrumental value of imita- 
tion increases, the rate and level of 
acquisition of an imitative response 
will increase; the extent of this 
increase, however, will be a decreasing 
function of the strength of the pre- 
vailing negative sanctions towards 
imitation. Thus, the extent of in- 
crease in the rate and level of acquisi- 
tion of imitation as the probability 
of reinforcement for imitation in- 
creases from .20 to .80 should be 
greater under the instructions which 
induce neutral or slightly positive 
sanctions towards imitation than 
under the instructions which induce 
negative sanctions towards imitation. 

In addition to a test of this major 
hypothesis several subsidiary hypoth- 
eses concerning the resolution of the 


Under conditions whereby imitation 
is negatively sanctioned but is instru- 
mental to goal achievement, a con- 
flict will be engendered; Ss must 
choose between conforming to social 
norms and performing poorly on the 
task or employing a nonsanctioned 
behavior pattern and performing well. 
_ Those Ss who imitate may reduce the 
conflict or the anxiety associated 
‘with it by denying the existence of 
the negative sanctions, underestimat- 
ing the extent of imitation, or under- 
. estimating their own success; whereas 
those Ss who do not imitate may re- 
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tion, the instrumental value of imita- 


induced conflict will be explored. - 


duce the conflict or anxiety by lower- ` 
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ing their level of aspiration, over- 
estimating their own succes’, under- 
estimating their partner’s success, 
denying the importance of the im- 
mediate task, or any combination of 
the above. Questionnaire data will 
provide exploratory information for 
the consideration of these subsidiary 
hypotheses. 


METHOD 


General Procedure 


The Ss, in pairs, performed a pitch discrimina- 
tion task ostensibly designed to improve existing 
methods for the identification of underwater 
craft. No communication between Ss was 
possible during the actual test period, for they 
were seated in separate, partially enclosed 
booths. A small metal response box containing 
two response keys and a pair of signal lights 
was located in each booth, The S indicated 
his judgment on each pitch discrimination by 
pressing the appropriate key on the response 
box. The two Ss were told they would give 
their judgments in a fixed order and that their 
partner’s judgment would be indicated by the 
colored lights above his response keys, Since 
both S’s were instructed that their partner would 
give his judgment first and since the response box 
lights in both of the booths were connected to a 
central control console, Æ could feed in a program- 
med sequence of “partner’s” judgments to each 
S. In post-session debriefings, Ss revealed no 
suspicions that the E-controlled responses of the 
partner were not those of the actual partner, 
"The correctness of S's choice was indicated by the 
presence or absence of a white light located on 
the front panel of his booth; this was controlled 
by £ from the central console. In 60 pairs of 
tones (the critical trials) both the standard and 
&he comparison tone were the same; there were 
15 pairs of tones each at 800, 900, 1000, 1100 
cps. In 15 other pairs of tones the second tone 
differed in pitch from the standard tone; the 
standard tone was either 800, 900, 1000, or 1100 
cps while the second tone was either above or 
below the standard, The pairs of different 
tones were randomly interspersed among the 
critical trials to prevent Ss from suspecting 
that both tones in a pair might be the same, A 
random sequence of the entire set of 75 pairs 
of tones was recorded on tape. 

The experimental procedure is readily ap- 
parent in that portion of the instructions which 
follows the introductory setting: “In this session 
two different tones will be presented, one at a 
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time, over the loudspeaker. Your task is to 
judge whether the second tone is higher or lower 
than the first one. The two tones will always 
be different, that is, the second tone is always 
either higher or lower than the first one. The 
differences, however, may be very small or 
imbedded in a noisy background, for we are 
particularly interested in situations where 
judgments are very difficult to make. It is in 
situations such as these that the number of 
judges will be critical. If there are times that 
you do not detect a difference, make a guess. 
The difference may be so subtle that you may 
not be aware that you noticed it. Although 
the discriminations are difficult, most of our 
subjects readily learn to make finer judgments 
with practice and get at least 80% of the judg- 
ments correct. Some people, however, can 
learn much more rapidly than others.” 

At this point Ss were sent to separate, 
partially enclosed booths to read additional 
instructions. The instructions in the booths 
were identical for both Ss; i.e., each S was told 
to give his judgments after his partner gave his, 
as follows (in this manner, Æ could control the 
sequence of "partner's" responses and run two 
Ss simultaneously) : 

“The person sitting in this booth is the second 
person in your group—Subject B. Briefly, 
this is the procedure you are to follow: (a) 
First you will hear three low-pitched tones 
in rapid succession. "This will be warning signal 
1. (b) A few seconds after warning signal 1, 
the two tones to be judged will be presented, 
one after the other. (c) Your partner, Subject 
A, will make his judgment immediately. His 
judgment must be made before warning signal 2 
is presented. Warning signal 2 consists of three 
high-pitched tones in rapid succession. (4) 
You will have ten seconds after warning signal 2 
to make your judgment. (Please do not make 
your judgment before warning signal 2. The 
experimenter will be unable to record your 
judgment unless it is made after warning signal 
2.) (e) Ten seconds after warning signal 2 you 
will again hear warning signal 1 to alert you for 
the next judgment. 

“Use the small metal box located in your 
booth to indicate your judgment. Press the 
button at the bottom left (marked ‘higher’) 
if you judge the second tone to be higher than 
the first; press the button on the bottom right 
(marked ‘lower’) if you judge the second tone 
to be lower than the first. 

“The row of lights above these buttons 
represents your partner's choices. When the 
green light (located above the ‘higher’ response 
button) goes on, it means that your partner, 
Subject A, has judged the second tone to be 
higher than the first. When the red light (lo- 
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cated above the ‘lower’ response button) goes 
on, it means that he has judged the second tone 
to be lower than the first. 

“After you have made your judgment, 
watch the light on the panel wall in front of you. 
If your judgment was correct, a white light 
will flash on; if your judgment was incorrect, 
the white light will not appear.” 

The E then briefly summarized the task 
procedure, gave Ss five practice trials without 
reinforcement, and then proceeded with the test 
series. 


Experimental Conditions 
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Percentage of “partner's” judgments called 
correct (probability of reinforcement).—The se- 
quence of judgments considered correct for the 60 
pairs of identical tones and the corresponding 
three response sequences for the "partner" were 
randomized within blocks of 10 trials with the 
restriction that there be an equal number of 
higher and lower judgments. Where equal 
distribution of responses among the higher and 
lower judgments was not possible, the odd judg- 
ments were balanced over blocks of trials. 
The three “partner’-response sequences form the 
three probabilities of reinforcement, .80, .50, and 
20; i.e., in one sequence, 80% of the “partner’s” 
judgments are correct; in alother sequence, 
50% of them are correct; in the third sequence, 
only 20% of them are correct. "These proba- 
bilities of reinforcement are taken with respect 
to the 60 critical trials. Since the “partner’s” 
judgments were always correct on the remaining 
15 trials, the probabilities of reinforcement for the 
entire sequence are .84, .60, and .36. Whether 
S was correct or not depended on whether he 
agreed with the “partner” or disagreed with him 
and whether the “partner’s” judgment happened 
to be correct or incorrect on that particular 
trial. If S agreed consistently with the “partner” 
throughout all the trials, he would have been 
correct 8 times in each block of 10 trials when 
80% of the “partner’s” judgments were correct, 
5 times per block of 10 trials when 50% of the 
*partner's? judgments were correct, and 2 times 
per block of 10 trials when 20% of the “partner's” 
judgments were correct. Accordingly, imita- 
tion, or consistent agreement with the “partner,” 
would be a behavior pattern instrumental to 
goal achievement in the .80 condition, and 
opposition, or consistent disagreement with the 
“partner,” would be the instrumental behavior 
pattern in the .20 condition. 

For the 15 pairs of different tones, the *tpart- 
ner” always judged correctly and S was correct 
if he agreed with his “partner.” 

Instruction-induced set-—That portion of the 
introductory setting common to both sets of 
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instructions was as follows: “Here is an illustra- 
tion of the type of problem that we are studying. 
Our national and civil defense agencies have 
long been faced with the problem of identifica- 
tion of hostile and friendly underwater craft. 
Errors in judgment in identifying such under- 
water craft have led to instances where we have 
sunk our own submarines or allowed enemy 
craft to pass through our territory. Even our 
modern sonar equipment cannot correct for 
similar kinds of errors of judgment.” 

Negative sanctions towards imitative be- 
havior were introduced in Instructions II by 
supplementing this common portion with the 
following: “We are attempting to determine 
whether the judgments made by a group of 
people are more reliable, more accurate, than 
the judgments of one person alone. We are, 
in addition, interested in the problem of how 
many people are needed to obtain accurate 
judgments. The problem may be posed as fol- 
lows: Suppose that two people individually judge 
the same thing. How much difference in 
accuracy is there in their separate judgments 
and are their separate judgments more accurate 
than their combined judgments?" 

In addition, the statement “This will be a 
test of your ability to discriminate tones in that 
we will see how well you do in comparison with 
each other" was included near the end of Instruc- 
tions II, just prior to the practice series. 

Neutral or slightly positive sanctions towards 
imitative behavior were introduced in Instruc- 
tions I by supplementing the common portion 
with the following: “We are attempting to 
determine how much of an actual difference is 
necessary under varying conditions of distrac- 
tion in order for people to recognize these dif- 
ferences. A related problem is the development 
of effective means for improving judgments 
that are difficult to make. One possibility is 
that working in a group may improve one’s 
ability to distinguish differences when conditions 
for making such judgments are poor.” 


Experimental Design 


The three probabilities of reinforcement and 
the two sets of instructions form a 2 X 3 orthog- 
onal design. Twenty-four female and 24 male 
volunteers from the freshman English classes 
at the University of Delaware were randomly 
assigned in like-sexed pairs to the six cells of 
the design with the restriction that each cell 
contain two female pairs and two male pairs. 

The number of imitative responses (judg- 
ments indicating agreement with the partner) 
per block of 10 trials in the critical series is the 
major variable under observation. A question- 
naire assessing S’s aspiration level and estimates 
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of his success, of his partner’s success, and of the 
amount of agreement with the partner was also 
used to provide exploratory data about $’s 
expectations in the experimental situation. A 
continuous rating scale ranging from 100% to 
0%, or “applies very much" to “doesn’t apply 
at all" accompanied the following questions 
and statements in the questionnaire:? 


1. Before you even began to make any 
judgments, what percentage did you expect to 
judge correctly ? 

2. During the period of actually making 
judgments, what percentage did you expect 
to judge correctly ? 

3. To what extent were you certain that 
you'd reach the level checked in question 2? 

4. On each trial, I made a very strong effort. 
to keep from making a mistake. 

5. On the whole, I made a very strong effort 
to keep from getting below the level checked 
in question 2. 

6. What percentage of your judgments did 
you judge correctly ? 

7. What percentage of his judgments did 
your partner judge correctly ? 

8. What percentage of your judgments were 
in agreement with those of your partner? 

9. To what extent did you feel frustrated 
during the session? 

10. To what extent did you feel that you 
were competing with your partner? 


RzsurTS 
Imitative Responses 


An analysis of variance and 
orthogonal polynomial analyses of 
trend (3) were applied to the number 
of imitative responses per block of 
ten trials in the series of 60 critical 
trials. 

The summary of the analysis of 
variance is presented in Table 1. 
Results from the Duncan Range test 
(1) on the Instructions X Probability 
of ‘Reinforcement interaction means 
are given in Table 2. The three 
probability of reinforcement means 
under Instructions I differ signifi- 
cantly from one another; the largest 
amount of imitative responses occurs 
when imitation is instrumental to 


2 Copies of this questionnaire are available 
from the authors upon request. 
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TABLE 1, 


ANALYSIS OF VARIANCE OF THE 
Imrrative RESPONSES 


Source df | MS F D 
Instructions 1| 1.00 
Probability Ratio 2 | 54,19 | 12.04 
Trials 5| .08 
Sex 1| .00 
IX PR 2|43.92| 9.76 | <.01 
IX. 5| 4.61| 2.11 
IXS l| .43 
PRXT 10| 5.01] 2.30| <.05 
PRXS 2| 2.97 
TXS 5| 2.31| 1.06 
IXPRXT 10| 3.62| 1.66 
1X PRXS 2| 2.36 
PRXTXS 10| 1.93 
IXTXS 5| 1.56 
IXPRXTXS 10| 2.84| 1.30 
Ss within 36| 4.50| 2.11| «.01 
Ss within X Trials |180| 2.18 
Total 287 


Note:—The Ss-within cells is used as the error term 
for nonrepeated measures; Ss within X Trials is used as 
the error term for all others. The significant terms 
are then tested against the appropriate significant 
Bud interactions where such interactions 
exist, 


goal achievement (.80 reinforcement) 
and the least amount occurs when 
opposition is instrumental (.20 rein- 
forcement). None of the probability 
of reinforcement means, however, 
differ under Instructions II. In addi- 
tion, the two instructions means differ 
significantly within the .80 and .20 
reinforcement conditions but not with- 
in the .50 reinforcement condition: 
There are more imitative responses 
under the instructions inducing neu- 


TABLE 2 


Duncan Rance Test RESULTS on THE INSTRUC- 
TIONS BY PROBABILITY OF REINFORCEMENT 
Imrration Means* 


Probability of Reinforcement 
Instructions 
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tral or slightly positive sanctions 
towards imitation (Instructions I) 
than there are under the instructions 
inducing negative sanctions towards 
imitation (Instructions II) when imi- 
tation is instrumental; there are less 
imitative responses under Instruc- 
tions I than under Instructions II 
when opposition is instrumental; and 
there are no significant differences 
between instructions in the amount of 
imitative responses when neither imi- 
tation nor opposition is instrumental, 

The Duncan Range test results on 
the Probability of Reinforcement 
X Trials interaction means in Fig. 1 
indicate that the three curves differ 
from each other, since on at least one 
block of trials the means differ 
significantly. 

Orthogonal analyses of trends were 
applied to the data from Instructions 
I, the data from Instructions II, and 
also the combined instructions data. 
Only the summaries of the analyses 
of the Instructions I data and the 
Instructions II data are presented in 
Tables 3 and 4. As expected, the 
Between Group Means, the Prob- 
ability of Reinforcement, and the 


El 


* 


MEA NUMBER OF IMITATIVE RESPONSES PER BLOCK OF TRIALS 
v 


.20 50 80 
I 446 | 54b | 727 UI UE UD WE LIE 
I S4 | 559. | 5.69 


* Those means marked with a letter in common do 
not differ significantly at the .05 level. 


Fic. l. Mean number of imitative responses 
per block of trials as a function of probability 
of reinforcement. 


IMITATIVE AND OPPOSITION RESPONSES 


Probability of Reinforcement X In- 
structions terms are highly significant 
in the orthogonal polynomial analysis 
of trends in the combined data. 
The Between Group Trends is signif- 
icant as well as the linear and 
quadratic components of these trends. 
There are also significant differences 
in trend among the different proba- 
bilities of reinforcement in both the 
linear and the quadratic components. 
The differences in the trends among 
the probabilities of reinforcement 
are evident in Fig. 1: When imitation 
is instrumental, the number of imita- 
tive responses at first increases over 
trials and then drops slightly in 
contrast to the immediate drop in 
imitative responses when opposition 
is instrumental. 


N 


MEAN NUMBER OF IMITATIVE RESPONSES PER BLOCK OF TRIALS 


BLOCKS OF TEN TRIALS 
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In addition, the quadratic compo- 
nent of the differences in trend among 
the Instructions X Probability of 
Reinforcement groups is significant. 
These differences in trends are evi- 
dent. in Fig. 2. The differences 
among the probability of reinforce- 
ment curves under Instructions I are 
striking. When imitation is instru- 
mental, the number of imitative 
responses increases with trials and 
then levels off; when opposition is 
instrumental, the number of imitative 
responses decreases with trials and 
then levels off; when neither imitation 
nor opposition is instrumental, slightly 
more than half the responses on each 
block of trials are imitative responses, 
Under Instructions II, both the .80 
and .20 reinforcement conditions show 


BLOCKS OF TEN TRIALS 


Fic. 2. Mean number of imitative responses per block of trials as a function 
of probability of reinforcement and instructions. 
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TABLE 3 E 
Trenn Anatysis or Imirative Responses Unper Instructions I 
Source df MS Error Term F P 
A. Over-all trend (5) (1.91) E 1.16 
1. Linear 1 2.14 E 1.40 
2. Quadratic 1 3.33 E: 1.60 
3. Deviation from 1 and 2 3 1.36 E; 
B. Between group means 2 97.84 23.86 <.01 
C. Between group trends (10) (5.24) E 3.18 <.01 
1. Linear 2 11.93 E 7.80 <.01 
2. Quadratic 2 9.41 E: 4.52 <.05 
3. Deviations from 1 and 2 6 1.62 E; 1.05 
D. Between ind. means 21 4.10 248 «.01 
E. Between ind. trends (105) (1.65) 
l. Linear 21 1.53 
2. Quadratic 21 2.08 
3. Deviations from 1 and 2 63 1.54 
‘Total 143 


an early increase and subsequent 
decrease in imitative responses, where- 
as in the .50 reinforcement condition, 
slightly more than half the responses 
on each block of trials are imitative 
responses except on the last block of 
trials. 

The Between Group Means, the 
Between Group Trends and the 
linear and quadratic components of 
the Between Group Trends give 
significant F’s in the orthogonal 
polynomial trend analysis of the 


Instructions I data. Duncan Range 
test results indicate that the three 


probability of reinforcement means © 


differ significantly from one another. 
The largest amount of imitative 
responses, an average of 7.27 per block 
of 10 trials, occurs when imitation is 
instrumental; the next largest amount 
of imitative responses, an average of 
5.44 per block of trials, occurs when 


? Refer to Fig. 2 for the differences in trend 
among the probabilities of reinforcement under 
Instructions I and under Instructions II. 


TABLE 4 
"TREND Anatysis or Imrrative Responses Unner Insrructions Il 
Source df MS Error Term F P 
A. Over-all trend (5) (2.78) E 1.01 
1. Linear 1 1,80 Ei 
2. Quadratic 1 6.79 2 2.34 
3. Deviations 3 1.77 3 
B. Between group means 2 27 D 
C. Between group trends (10) (3.39) E 1.24 
1, Linear 2 447 Ei 1.56 
2. Quadratic 2 12.08 E: 4.17 <.05 
3. Deviation 6 13 E: 
D. Between ind. means 21 4.13 E 1.51 <.05 
E. Between ind. trends (105) (2.74) E 
1. Linear 21 2.87 
2. Quadratic 21 2.90 
3. Deviations 63 2.64 
Total 143 
1 
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"Fic. 3. 
event in the .60 probabilit; 


neither imitation nor opposition is 
instrumental; and the smallest 
amount of imitative responses, an 


average of 4.46 per block of 
trials, occurs when opposition is 
instrumental. 


. Although the quadratic components 
of the Between Group Trends is 
significant in the orthogonal poly- 
nomial trend analysis of the Instruc- 
tions II data, the Between Group 
Trends is not. Nor do the three 
probability of- reinforcement means 
differ significantly. 


Event-Matching Behavior 


Estes (2) has suggested that learn- 
ing theory models could also be used 
to describe learning in social situa- 
tions. One of the deductions from 
his model is the general matching 
law: The cumulative proportions of a 


4 See Footnote 3. 
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+++ CORRESPONDING REINFORCING EVENT 
+++ INSTRUCTIONS I 
** INSTRUCTIONS I 


60 


o 
TRIALS 


Cumulative proportions of the imitation response and its reinforcing 


y of reinforcement condition. 


given response and the corresponding 
reinforcing event tend to equality 
as the number of trials approaches 
infinity. The present study suggests 
that some modifications in the model 
may be necessary as Ss' response 
probabilities in certain of the condi- 
tions did not reach the probability 
of reinforcement for the response, 
but stabilized some distance below it. 
The cumulative proportions of the 
imitative response and the correspond- 
ing reinforcing event, E;, for the .50 
and .80 reinforcement conditions are 
plotted in Fig. 3 and 4, respectively; 
the cumulative proportion of the 
opposition response and the corres- 
ponding reinforcing event, E», for the 
.20 reinforcement condition are plotted 
in Fig. 5. 

Whenever the “partner’s” choice is 
correct, E, is said to occur, and 
E. is said to occur whenever the 


“partner’s” choice is incorrect; thus, 
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Fic. 5. Cumulative proportions of the opposition response and its reinforcing 
event in the .36 probability of reinforcement condition. 
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E, occurs when S agrees with his 
"partner" and is called correct (the 
white light is flashed on) and also 
when S opposes his “partner” and is 
called incorrect (the white light is not 
flashed on), whereas E, occurs when S 
agrees with his partner" and is called 
incorrect, and also when he opposes 
his "partner" and is called correct. 
The cumulative proportions are 
taken over the entire 75-trial se- 
quence. Since the “partner’s” choice 
is correct on all 15 of the noncritical 
trials, the probabilities of reinforce- 
ment for the entire sequence are .84, 
.60, and .36. Hence, the cumulative 
proportion of E; stabilizes around .60 
and .84 in Fig. 3 and 4, respectively, 
while the cumulative proportion of E; 
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stabilizes about .64 in Fig. 5. The 
matching law appears to hold for 
both sets of instructions in the .60 
probability of reinforcement. For the 
:36 and .84 probabilities of reinforce- 
ment, however, the cumulative pro- 
portion of the given response doesn’t 
reach the cumulative proportion of 
its corresponding event but stabilizes 
at about .54 and .74, respectively, 
when neutral or slightly positive 
sanctions for imitation are induced 
(Instructions I) and about .41 and .61, 
respectively, when negative sanctions 
are induced (Instructions II). 


Questionnaire Responses 


The intercorrelations among the 
items of the questionnaire are pre- 


TABLE 5 


IwTERCORRELATIONS AMONG THE QUESTIONNAIRE ITEMS 


Probability a Questionnaire Items 
of Rein- Bh 
forcement j R 5 5 z " 2 m 
1| 49* ^ .54* | 23 170A 05578: 523 54^ |—22 18 
2 91**| 20 31 | 389** | 45 17. | 553%.) = 333 
3 27 37 | .79% | .56* | A7. |—39* | —23 
n 52*| 18 | .19 04 | —.03 m 
20 5 10 | 116 04  |—.09 22 
6 48 GUN SC som 
7 34 |—27 ‘03 
8 — 130 10 
9 40 
1 yas 19 | —.08 
2 43 | 38 40 39 
3 46 |. | —.06 ‘02 
4 25 | 34 49 ‘02 
50 5 Ei t: 153" | 0 
6 37 25 |—9 ds 
7 16 32 43 
8 1 ‘04 
9 ‘08 
* ; 33 | .72e* | .65** | ost |—.59* | 37 
] js E po 42 | 6 |. |. |—.62* | —42 
3 21 20 | 34 | 4 | .32* |—33 | —.27 
4 $2.35 | 15 | 20 |—.57* | —.33 
80 5 31 | 34 | 22 |—206 | —.18 
Fi 6 Tee mm | 75% —s5* 
7 ig | — 46 Al 
8 57" | —.43 
9 34 
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sented by probability of reinforce- 
ment in Table 5; the pattern of 
significant relationships among ques- 
tionnaire items clearly varies with 
probability of reinforcement. When 
neither imitation nor opposition is 
instrumental, the only significant 
correlations are between confidence 
in attaining the level of aspiration 
and estimate of own success and be- 
tween over-all effort exerted and 
reported frustration. When imita- 
tion is instrumental, however, a 
prominent cluster of significant inter- 
correlations exists among both levels 
of aspiration, the estimates of own 
success, of partner's success, and of 
agreement with the partner and low 
frustration. When opposition is in- 
strumental, the prominent cluster 
includes both levels of aspiration, 
confidence in attaining the level of 
aspiration, and estimate of own 
success.® 


5 Since the significant results of the numerous 
additional analyses do not form an obvious 
pattern and are not easily interpretable, they 
will be mentioned only briefly. In the .20 
condition, Ss underestimate percentage of 
agreement with a partner (19.36 mean deviation 
of estimated percentage of agreement from 
actual percentage of agreement) significantly 
more than Ss in the .50 condition (3.25 mean 
deviation), but not significantly more than 
those in the .80 condition (10.50 mean devia- 
tion); the mean deviations for the .50 and 
-80 conditions do not differ significantly. Imita- 
tion and overestimation of partner's performance. 
are positively related (r= .51) in the .80 
condition, whereas imitation and ongoing level 
of aspiration are positively related (r = .37) 
in the combined .80 and .20 conditions. Con- 
fidence in attaining one’s level of aspiration is 
positively related to overestimation of one’s own 
success (r =.79) in the .20 condition and 
negatively related with underestimation of 
agreement with the partner (r = .—64) in the .80 
condition. In both the .80 and .20 conditions 
the ongoing level of aspiration and overestima- 
tion of own success are positively related 
(r = .59), and confidence in attaining the 
level of aspiration is positively related with 
overestimation of partner’s success (r = .53). 
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Discussion 


It was hypothesized that the utiliza- 
tion of a behavior most effective for 
reaching a task goal would depend upon 
the prevailing social sanctions. As pre- 
dicted, expectations of approval or 
disapproval for imitation did affect the 
acquisition of imitative responses. When 
expectations of neutral or slightly posi- 
tive social sanctions for imitation were 
induced, the rate and level of acquisition 
of imitative responses varied significantly 
with the instrumental value of the 
imitative response. When expectations 
of negative social sanctions were induced, 
these differences in rate and level of 
acquisition were depressed. 

It is apparent from the data on the 
opposition responses, however, that the 
induced sets aroused expectations of 
social sanctions, not only for the utiliza- 
tion of imitative responses per se, but 
also for any utilization of the available 
information about another’s behavior. 
In effect, the inductions modified Ss’ 
set towards independence. In the con- 
dition where the utilization of informa- 
tion about others was perceived as 
legitimate (Instructions I) the two in- 
strumental behaviors, imitation and 
opposition, were also socially sanctioned 
behaviors. In the condition where inde- 
pendence was perceived as the social 
norm (Instructions II) the social sanc- 
tions and instrumental values were 
conflicting; Ss were forced to choose 
between conforming to the social norms 
and performing poorly on the task or 
of employing a nonsanctioned behavior 
and performing well. These Ss ap- 
parently were aware of the elements 
forming the conflict situation. They 
were able to estimate the partner’s 
performance as well as Ss in the condi- 
tion where social norms and instru- 
mental values were not conflicting,’ and 
yet they did not imitate or oppose as 
consistently. It is possible that Ss 


ê Instructions did not yield a significant F 
ratio in the analyses of variance of estimates of 
partner's performance and in the deviation of 
partner's actual success from S's estimate of the 
partner's success. 
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oscillated in their use of imitation or 
opposition when they were faced with 
the conflicting sanctions and instru- 
mental values. From the methods of 
analysis employed, however, it was not 
possible to distinguish between an alter- 
nation behavior and completely inde- 
pendent behavior.’ 

It was also suggested that those Ss 
who imitate may reduce the conflict, 
or the anxiety associated with it, by 
denying the existence of the negative 
sanctions, underestimating the extent 
of imitation, or underestimating their 
success, whereas those Ss who do not 
imitate may reduce the conflict by either 
lowering their levels of aspiration, or 
overestimating their success, or under- 
estimating their partner’s success, or 
denying the importance of the immediate 
task, or any combination of the above. 
Only when imitation was instrumental 
did one of the predictions hold; imitation 
and overestimation of partner’s per- 
formance were positively related. The 
questionnaire data, on the whole, did 
not substantiate these hypotheses. 

Further analysis of the data was 
undertaken to examine the application 
of Estes’ learning theory model to learn- 
ing in social situations. Strict event- 
matching occurred only when neither 
imitation nor opposition was instru- 
mental to success on the task, whereas, 
the event was undermatched when 
imitation or opposition was instrumental. 
One possible explanation is that there 
exists a generalized resistance to violat- 
ing the notion that one can do well on his 
own without accepting outside assistance. 
The conflict between accepting possible 
failure by performing on one's own and 
being assuzed of success by copying or 
opposing another may then be resolved 
in such a way that Ss as a group under- 
match the event, the extent of the under- 
matching being determined by the 
prevailing social sanctions. 


"An analysis of the number of runs of 
imitative responses indicates that the number 
of runs of imitative responses increases with 
increasing instrumental value of imitation, 
regardless of social sanctions. 
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Further research is needed to deter- 
mine the conditions which affect the 
development of sanctions favorable to 
an imitative or independence set. Some 
of the variables to be considered are 
the characteristics of the partner, of the 
reward for goal achievement, and of the 
task. Studies of the effect of increasing 
the reward on the acquisition of imita- 
tive and opposition responses and. the 
effect of varying the instrumental value 
on both the acquisition and extinction 
of imitative and opposition responses are 
in progress. 


SUMMARY 


The present study tests the hypothesis that, 
although a given behavior—i.e., imitation or 
opposition—may be the most appropriate means 
for reaching an immediate task goal, the utiliza- 
tion of such behaviors depends on the prevailing 
social sanctions for its use. 

Two Ss, seated in separate booths, judged 
whether the second of a pair of identical tones 
in a series of 60 paired tones was higher than 
the first, Each S indicated his judgment by 
pressing the appropriate response key after his 
"partner's" choice was indicated by a light above 
the response keys; if S’s judgment was correct, 
a white light was flashed on. Since each S was 
instructed that his partner would judge first, 
E was able to present a standard randomized 
sequence of “partner’s” choices, as well as a pre- 
arranged sequence of reinforcements for imita- 
tion responses. The two independent variables 
were: (a) Probability of reinforcement for 
imitation. The percentages of the “partner’s” 
choices that were considered correct were either 
80%, 50%, or 20%, i.e., the three probabilities 
of occurrence of reinforcement for imitative 
responses were .80, .50, and .20, (b) Instruc- 
tion-induced set. One set of instructions was 
designed to induce expectations of neutral or 
slightly positive sanctions for imitation, while 
another set was designed to induce expectations 
of negative sanctions. 

As predicted, the extent of increase in the 
rate and level of acquisition of imitation with 
increasing instrumental value was significantly 
greater under positive sanctions towards imita- 
tion than under negative sanctions. It was 
also apparent that the acquisition of opposition 
responses was affected by the instruction-in- 
duced set. This suggests that the instructions 
modified S’s set towards independence and not 
towards the utilization of imitative responses 
per se. 

The questionnaire data did not substantiate 
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the subsidiary hypotheses on the modes of resolu- 
tion of the conflict engendered in the condition 
where social sanctions and instrumental values 
were conflicting, 

The hypothesis advanced by Estes that 
“event-matching” behavior occurs in social 
learning situations was substantiated only in 
the .50 probability of reinforcement condition. 
Undermatching of the event occurred in the 
.80 and .20 conditions, the extent of the under- 
matching being determined by the prevailing 
social sanctions, 
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ALTERATIONS IN CRITICAL FLICKER FREQUENCY AS 
A FUNCTION OF AGE AND LIGHT:DARK RATIO! 


ROSS A. McFARLAND, A. BERTRAND WARREN, Ax» CHARLES KARIS 
Harvard School of Public Health and Northeastern University 


Studies concerned with the be- 
havioral assessment of the neuro- 
physiological condition of the eye 
have employed, among other meas- 
ures, indices of visual sensitivity. 
This index is frequently determined 
by employing threshold luminances 
for a target that may be exhibited (a) 
continuously, (b) for a brief duration 
as in a flash, or (c) intermittently 
as in flicker. Under well controlled 
test conditions, visual threshold deter- 
minations show a high degree of 
reproducibility and many investiga- 
tors have considered that, especially 
among inexperienced Os, the response 
to flicker is more reliable than other 
types of visual tests (9). 

In routine determinations of critical 
flicker frequencies, the SD from the 
mean is usually found to be less than 
2 cps during an experimental session 
(8,13). This stability of critical flicker 
frequency (CFF), under a standard 
condition of luminance, size, and 
retinal position of the test field, has 
led to the assumption that CFF may 
be regarded as a numerical entity 
and that deviations from the “nor- 
mal" denote changes in the physio- 
logical state of the eye or the organism 
as a whole (10, 11). 

One of the important organismic 
variables known to influence CFF 
variation among individuals is chrono- 
logical age. Simonson, Enzer, and 
Blankstein (14), and Brozek and 

l'This study is one of a series sponsored by 
the Commission on Accidental Trauma, Armed 
Forces Epidemiological Board, Department of 
Defense, and supported in part by funds from 
the Office of the Surgeon General, Department 
of the Army. 


Keys (2) report a definite decrease in 
CFF for Os over 40, but little change 
in CFF was found before this age. 
Misiak (12) studied Os ranging in 
age from 7 to 89 yr. and found that 
average CFF declines rather regu- 
larly from age 20 to 89, but not 
without considerable individual varia- 
tion. A more recent study by Cop- 
pinger (4) has established that the 
CFF-age function is linear and nega- 
tive from the age of 20 to 90. Fur- 
thermore, the decreased sensitivity 
among older Os cannot be entirely 
attributed to diminished pupil size 
since Weekers and Roussel (15), using 
pupil dilation with atropine, find 
that there is still a CFF decrement 
with age. 


Problem 


While it has been generally accepted 
that CFF tends to be negatively 
correlated with age, there has been 
little uniformity in previous studies 
in the characteristics of the test 
field, especially in the light:dark 
ratio (LDR) of the flicker cycle. 
Furthermore, since only a few studies 
have used more than one LDR, 
little systematic information is avail- 
able on the comparative sensitivity 
of the fusion threshold when the 
light-time proportion (LP) of the: 
LDR is varied. Simonson, Enzer, 
and Blankstein (14) found an equal 
effectiveness of light-time proportions 
of 64%, 27%, and 17.5% among 
various age groups. Fisher (6) using 
light:dark ratios ranging from 2% 
to 98% reports that elderly Os (76 to 
87 yr.) respond differently from 
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young Os (21 to 24 yr) to the 
shortening of the dark interval of 
the flicker cycle. 

The present experiment attempts 
to establish more precisely the nature 
of the relationship between foveal 
CFF and chronological age by (a) 
using a number of different light: dark 
ratios, and (b) employing a large 
sample of Os covering an age span 
of 76 yr. 

Mertuop 

Observers.—Critical flicker frequency thresh- 
‘olds were obtained from 108 male Os ranging in 
age from 13 to 89 yr. Among them were 
secondary school and college students, office 
workers and clerks, taxi drivers, and residents 
of old-age homes. All were in good health and 
were nonindigent. ‘The Os who ordinarily wore 
glasses were allowed to wear them during the 
test. The numbers in each age group were as 
follows: 


Average 
Age Range Number Age 
13-19 10 16.5 
20-29 13 23.5 
30-38 13 35.1 
40-49 16 45.0 
50-58 14 54.1 
61-68 14 64.3 
70-78 13 74.0 
80-89 15 84.8 


Apparatus—In most studies on intermittent 
light stimulation, a motor-driven sector disc 
has been used for the production of flicker. 
With this type of apparatus the change of the 
LDR necessitated the use of different discs 
which interrupted the test light at a focal point 
in the optical system of the instrument. More 
recently, electronic devices have been used for 
flicker production. In comparison to the rota- 
tion devices, these have the advantages of being 
easier to operate and of eliminating noise and 
vibration, but they may have the disadvantage 
of having very short and fixed flash durations 
which do not change when frequency is altered 
(General Radio Strobotac). 

For the present investigation, a flicker fusion 
apparatus? which activates a cold cathode 


2Designed by W. Bruce Fisher while on 
sabbatical leave at the Harvard School of 
Public Health from Fresno State College and 
constructed to his specifications by the Grayson- 
Stadler Company, West Concord, Massachu- 
setts. Model E6-22. 
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light modulating tube (Sylvania R1131C) was 
used. The light pulses are of a square wave 
form, and the apparatus permits the adjustment 
of the duty cycle or operation time of the lamp 
to be varied from 2% to 98% of the repetition 
period. he flash frequency is variable from 1 to 
125 flashes per second. The peak luminance 
is controlled by varying the amperage, and if 
necessary the tube can be illuminated continu- 
ously for use as a standard “steady” light. 

The glow modulator tube was placed behind 
a piece of ground glass which provided a pre- 
dominantly white test area of even illumination 
over its surface, The test area was circular 
with a diameter of 1 cm., and was in the center 
of a circular surround which had a diameter 
of 28 cm. The surround was illuminated by a 
concealed circular neon daylight white tube 
matched in hue to the test area. Two surround 
luminances were employed: 23.6 and .04 ml. 
Perforated shields and a Variac were used to 
change the surround luminance without a color 
change. 

The test area and surround were mounted 
on the rear wall of a rectangular housing, The 
test area served as the fixation point and was 96 
cm. in front of and level with O's pupils. Thus, 
the test area subtended a visual angle of 36 min. 
of arc, while the surround subtended a visual 
angle of approximately 17°. These angular 
dimensions allowed the image of the test area 
to fall within the fovea. The surround extended 
8.5? into the periphery. 

During the threshold determinations, the 
position of O was comfortably but securely 
maintained by means of a modified dentist’s 
chair with back, foot, shoulder, and arm rests. 
The positioning of O was accomplished by 
vertical and lateral chair adjustments by Æ. 
When O's eyes were level with the test area, 
his head was then held in a fixed position by 
means of a chin and head rest. 

Procedure —Each O was first made familiar 
with the distinction between flicker and fusion 
by changing the frequency from steady to 
intermittent stimulation. When he understood 
the nature of the task, practice trials were 
given until the responses to change from “steady 
to flicker” and “flicker to steady” were con- 
sistent. To insure adaptation to the surround 


- illumination, O was not allowed to look away 


from the test field during the preliminary trials. 
Binocular CFF’s were then determined by the 
method of limits using discontinuous exposures. 
The duration of each exposure was constant 
at 1.5 sec., and the change of the flicker rate in 
ascending and descending determinations was 
constant at 1 cps. 

In determining each individual threshold, 
readings were taken as the continuously in- 
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creased frequency led to the report of “steady,” 
and also when the frequency was steadily 
decreased until O reported “flicker.” During 
this process the luminance of the test area was 
kept constant while frequency was varied by 
E. As frequency was increased or decreased 
the light duration of the cycle varied propor- 
tionately. Consequently, the light-time frac- 
tion of the flicker cycle remained constant 
regardless of the frequency of intermittence. 
Threshold determinations for each O were 
obtained under 10 light-time proportions: 
2%, 5%; 10%, 25%, 40%, 50%, 75%, 90%, 
95%, and 98%. 

In this study the peak current was kept 
constant for all threshold determinations. 
When the tube was illuminated steadily, this 
provided the test area with a mean luminance 
of 21.19 ml, as measured with a Macbeth 
illuminometer from the eye position of 0. 

For each LP level, two ascending and two 
descending thresholds were obtained. This 
provided CFF values in cycles per second for 
the frequency level at which flicker disappeared, 
and when flicker reappeared. The four deter- 
minations were averaged as the mean CFF. 
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During the first test session, which took 
approximately 1 hr., CFF’s were determined 
with the 10 LDR’s under two surround lumi- 
nances: 23,6 and .04 ml. At these luminance 
levels, the high surround luminance is brighter 
than any of the uncompensated test area lumi- 
nances, while the .04 ml. surround is dimmer 
than any of the test area luminances. 

A second test session followed one week 
later in which the technique of testing was the 
same but the order of surround luminances was 
reversed. In both sessions the starting order 
for the various LP levels was random, For 
each O, 160 CFF’s were determined. The 
values obtained from 108 Os, averaged for the 
two sessions, constitute the material presented 
in the following tables and figures. 


ResuLTS 


The means and SD’s of the fusion 
thresholds in cycles per second are 
presented in Tables 1 and 2, In- 
spection of the data for the various 
age groups shows that mean CFF 


TABLE 1 


Mean CFI’s AND SD's ror Ercut Ace Rances AT 10 Licut; Dank Ratios WHEN 
THE Test AREA APPEARS AT THE CENTER OF A SURROUND OF 23.6 ML, 


Age | 
Range I 7 
2% 5% 10% 25% 
13-19 M | 44.82 | 46.17 | 47.65 | 47.25 
SD | 177| 1.83 | L84| 2.27 
20-29 M | 42.83 | 44.39 | 46.00 | 46.00 
SD: | 2.02 | 194 2m) 2.56 
30-38 M | 41.12 | 42.81 | 44.27 | 44.83 
SD | 202| 192, 2.27] 2.72 
40-49. | M | 40.74 | 42.24 | 43.72 | 44.35 
SD | 279 n. 2:56 | 2.30 
37.89 | 39.92 | 41.15 | 42.43 
i. sb | 2.62 | 2.87 | 2:59 | 2.29 
él 37.48 | 39.63 | 41.32 | 42.31 
p &b 135| 154| 222, 1.82 
7 34.89 | 36.99 | 38.56 | 40.32 
Fo SD 2.39 | 2.52 | 2.54) 2.59 
80-89 | M |33.09 | 34.89 | 36.34 | 38.12 
SD | 3.06 | 3.63! 3.71 | 3.88 
13-89 38.86 | 40.64 | 42.13 | 43.01 
% 433 | 426| 428, 3.83 


Light-Time Percentage in Flicker Cycle 


| 40% | 50% | 75% | oo% | os% | 989% 
45.12 | 44.52 | 38.06 | 29.84 | 20.72 | 10.45 
1.92 | 1.80] 2.57] 2.21] 1.75 | 2.13 
44.37 | 42.43 | 37.84 | 29.85 | 20.88 | 10.67 
2.63 | 2.77! 209| 2.44] 3.11] 2.39 
42.79 | 42.84 | 37.71 | 29.49 | 20.19 | 9.88 
2.60 | 2.75 | 2. 3.18 | 2.85 | 1.68 
43.37 | 42.45 | 37.14 | 29.00 | 20.86 | 10.25 
| 241, 243| 24 2.9 | 3.67 | 2.26 
42.41 | 41.77 | 36.94 | 28.53 | 19.07 | 8.50 
194| 191| 1.89] 295| 2.91 | 147 
41.63 | 40.87 | 36.22 | 28.17 | 18.17 | 8.06 
245| 222| 248| 3.53 | 3.35) 1.95 
| 40.68 | 40.46 | 36.63 | 29.83 | 20.38 | 8.09 
2.67 | 2.75 | 3.00 | 3.94 | 4.73 | 436 
38.70 | 38.29 | 34.57 | 26.97 | 17.67 | 7.32 
3.80 | 3.46 | 342| 3.52| 3.73 | 2.21 
42.41 | 41.70 | 36.81 | 28.89 | 19.69 | 9.20 
331| $.13| 277| 329 | 3.62| 2.39 


532 


R. A. McFARLAND, A. B. WARREN, AND C. KARIS 


TABLE 2 


Mean CFF's ann SD's ror E1cur Ace Groups at 10 Licut: Dark Ratios WHEN 
THE Test AREA APPEARS AT THE CENTER OF A SURROUND OF .(4 ML. 


A Light-Time Percentage in Flicker Cycle 

Range 

2% 5% 10% 25% 40% 50% 7596 90% 95% 98% 

13-19 M | 42.37 | 44.02 | 45.41 | 44.50 | 42.74 | 41.54 | 36.20 | 28.41 | 20.52 | 12.04 

SD 194| 2.0 | 1.998 | 229 | 2.03} L81| 2.26 | 2.01) 1.72 | 122 

20-29 M 40.15 | 42.20 | 43.54 | 43.16 | 41.62 | 40.58 | 35.19 | 27.42 | 19.90 | 11.31 

SD 1.78 | 1.60 | 1.96 | 2.04 | 1.91 | 2.04] 2.19 | 2.59] 248 | 2,33 

30-38 M 39.23 | 41.46 | 42.59 | 42.45 | 41.18 | 40.37 | 35.52 | 27.42 | 19.80 | 11.50 

SD 2.58 | 2.54 | 2.71 | 2.55 | 2.83 | 2.84| 2.86| 2.96 | 2.82 | 2.60 

40-49 M 37.91 | 40.11 | 41.48 | 41.77 | 40.84 | 39.93 | 35.09 | 27.23 | 20.04 | 11.59 

SD 2.88 | 2.85 | 2.00| 2.15 | 2.64] 196] 194| 2.32| 275| 226 

50-58 M 35.60 | 37.91 | 39.56 | 40.61 | 40.33 | 39.66 | 34.90 | 26.64 | 18.53 | 9.52 

SD 2.71 | 2.65 | 2.68 | 2.53 | 220| 2.14 | 1.84] 2.61 | 2.74 | 1.69 

61-68 M 35.10 | 37.37 | 38.90 | 39.95 | 39.37 | 38.94 | 34.29 | 26.29 | 18.21 | 9.54 

SD 1.60 | 1.60 | 2.12 | 2.84 | 2.86] 2.79 | 3.13 | 4.08 | 3.355 | 2.07 

70-78 M 32.93 | 35.04 | 37.12 | 38.43 | 38.72 | 38.61 | 34.81 | 27.87 | 19.38 | 9.12 

SD 2.6 | 2.34 | 248 | 2.54 | 246 | 2.94 | 2.86| 3.76 | 3.72| 2.53 

80-89 M  |30.88 | 32.62 | 34.38 | 35.92 | 36.45 | 36.49 | 32.84 | 24.90 | 17.06 | 7.67 

SD 2.79 | 3.03 | 3.36 | 3.36 | 3.50 | 3.56 | 3.22| 3.58| 315 | 2.15 

13-89 M | 36.51 | 38.59 | 40.13 | 40.67 | 40.03 | 39.41 | 34.78 | 26.94 | 19.11 | 10.21 

SD 424| 428 | 417 | 3.59 | 3.59| 2.96 | 2.79 | 326 | 3.12 | 2.61 


decreases as age increases under all 
LDR conditions and under both 
conditions of surround luminance. 
The SD's, however, are not ordered 
as systematically as the means. When 
the youngest age group is compared 
to the oldest age group, the younger 
Os havea smaller SD at all LDR levels 
and at both surround luminances. 
This same relationship is also mani- 
fested when the 20-29 yr. group is 
compared to the 70-78 yr. group. 
The computation of Bartlett’s test 
for homogeneity of variance, however, 
indicates that the variances among 
the eight age groups are not signifi- 
cantly different at any LDR level 
under both surround luminances. All 
of the 20 chi-square values derived 
from these data were smaller than 


the value required for significance at 
the 5% level. 

The relationship between CFF and 
the light-time percentage of the 
flicker cycle for the various age 
groups is presented in Fig. 1. For 
the purpose of clarity, Os were 
divided into four groups, of approxi- 
mately a 20-yr. span. In the upper 
part of the figure are presented the 
observations obtained with a sur- 
round luminance of 23.6 ml., andjin 
the lower part are those for a surround 
of .04 ml. From these curves, and 
from the data presented in Tables 
l and 2, it becomes apparent that 
the change in CFF with age is à 
function of light-time percentage of 
the flicker cycle. The age differences 
are most marked when the proportion 
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Fic. 1. Relationship between CFF and the 
light-time percentage of the flicker cycle for 
four age ranges, when surround illumination is 
23.6 ml. (top), and .04 ml. (bottom). 


of light in the LDR is low, and the 
differences become progressively less 
noticeable as the LP increases. Al- 
though the CFF values obtained 
at the higher LP’s lack the regularity 
obtained at the lower LP levels, 
differences are still apparent when the 
extreme age groups are compared. 
Inspection of the data also revealed 
that there is a systematic difference 


TABLE 3 


PERCENTAGE OF Os IN THE VARIOUS AcE RANGES 
Reacuinc Maximum CFF at THE DIFFERENT 
Licut-Time PERCENTAGE LEVELS 
FOR THE 'l'wo SURROUND 


LUMINANCES 
@ 
A ` Percentage of Light in the Flicker Cycle 
FR 23.6 ml. Surround .04 ml. Surround 


10% | 25%| 40%| 50%| 107%| 25%] 4070| 50% 
13-29 | 65 | 35} 0| 0} 83/17) 0| 0 


30-49 | 28 | 66| 3| 3 | 34] 55] 11) 0 
50-68 | 3| 61] 36} 0| 7|61|29| 3 
70-89 | 0| 18 | 39 | 45 | 0| 18| 35 | 47 
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among the individuals in the LP’ 
level at which the maximum threshold 
reading is obtained. For all the 
individual CFF-LDR curves a com- 
parison of the critical frequencies 
at the various LDR's under both 
conditions of surround luminance 
revealed that CFF increased slightly 
as the LP increased, and then reached 
a maximum between an LP of 10% 
and 50%. It can readily be seen 
from the data presented in Table 3 
that the younger Os reach their maxi- 
mum CFF value when the LP of the 
cycle is 10%, and as age increases, the 
maximum CFF progressively shifts 
to higher LP levels up to 50%. When 
the light comprises more than 50% 
of the cycle, CFF decreases as the 
LP increases for all Os. 

Examination of the CFF-LDR 
function for all 108 Os for the sur- 
round luminance of 23.6 ml. (bottom 
of Table 1) shows that CFF increases 
from an initial value of 38.86 cps 
at an LP of 2% to a maximum CFF 
of 43.01 cps at an LP of 25%. Beyond 
25% light-time, increases in the LP 
to 40%, 50%, 75%, 90%, 95%, and 
98% result in a progressive decline 
of CFF in which the threshold values 
are respectively 99%, 97%, 86%, 
67%, 46%, and 21% of those ob- 
tained at 25% light-time. Compar- 
ing the CFF. thresholds obtained with 
a surrounds luminance of .04 ml. 
(bottom of Table 2), as the LP in- 
creases from 2% to 25%, CFF in- 
creases from 36.51 cps and reaches a 
maximum of 40.67 cps. Further in- 
creases in the percentage of light 
in the flicker cycle to 40%, 50%, 
75%, 90%, 95%, and 98% result in a 
decrease in CFF in which the values 
are respectively 98%, 97%, 85%, 
66%, 47%, and 25% of those ob- 
tained at 25% light-time. 

Under the conditions of lowered 
surround luminance, the CFF values 
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decrease approximately 2 cps from 
2% to 90% light-time. When the 
LP of the cycle is 95%, the lowered 
surround luminance has only a very 
small effect on CFF, and at 98% 
there is a reversal in which the 
threshold obtained under the sur- 
round luminance of .04 ml. is 1 cps 
higher than that obtained under the 
brighter surround luminance. 

The CFF-age decrement for each 
LP level was represented by the best 
fitting straight line. This was de- 
termined by the method of least 
squares for the eight mean CFF 
values obtained with the various age 
groups at each LP level. The rela- 
tionship between chronological age 
and foveal CFF is linear and negative 
for all the LP levels as is shown in 
Fig. 2. The data obtained when 
the surround luminance was 23.6 ml. 
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are on the left, while those obtained 
when the surround luminance was .04 
ml. are on the right. The curves 
for the LP’s of 2%, 5%, and 10% 
have been shifted upward on the 
coordinate grid, otherwise they would 
overlap those for the longer LP’s. 

To compare the extent of the CFF- 
age decrement for each LP level the 
value of the slope of the decline of 
CFF with increasing age was calcu- 
lated by the straight line equation 
Y = mx + k, where Y is the fusion 
threshold, m is the value of the slope, 
x is the LDR, and & the Y-intercept. 
With a surround luminance of 23.6 
ml., for the LP's of 2%, 5%, and 10%, 
the lines are essentially parallel and 
the slopes are steep with m values 
—.1636, —.1543, and —.1543, re- 
spectively. As the LP beyond 10% 
increases to 90%, the slopes become 
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Fic. 2. Relationship between CFF and age at the various light-time percentages. 
Surround luminance 23.6 ml. left, .04 ml. right. 
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Fic. 3. Relationship between slopes of lines 
shown in Fig. 2 and log light-time/dark-time. 


progressively less steep with m values 
of —.1229, —.0897, —.0786, —.0426, 
and —.0301 corresponding to the LP 
levels from 25% to 90%. At the LP 
levels of 95% and 98%, the pro- 
gressive decline ‘of the slopes is 
reversed with m values increasing to 
—.0385 and —.0508. 

This same relationship also holds 
for the slopes for the various LDR's 
under the lower surround luminance. 
The decreasing slopes are —.1581, 
—.1570, —.1476, —.1116, —.0779, 
—.0601, —.0353, and —.0317, cor- 
responding to the LP's from 2% to 
90%, respectively. When the light 
comprises more than 9095 of the 
cycle, there is a reversal in the rate 
of decay of the slopes with m values 
of —.0400 and —.0597 corresponding 
to the LP’s of 95% and 98%. For 
both surround luminances the lines 
in Fig. 2 from 10% to 98% appear in 
descending order, showing a regular 
decline of CFF values. Only for 
the LP’s of 2% and 5% is the order 
reversed, yielding lower CFF values 
than those found for 10% light-time. 

The slopes of the straight lines 
expressing the CFF-age relationship 
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shown in Fig. 2 are presented in Fig. 
3 as functions of the logarithms of 
light-time/dark-time. The curve for 
the surround luminance of 23.6 ml. 
is at a slightly higher level than the 
curve for the surround of .04 ml. 
The curves are.in general parallel, 
with the exception of the extreme 
LDR's. In each curve three seg- 
ments can be distinguished. The 
middle segment is almost straight and 
has a steep slope indicating an inverse 
relationship between the slopes of the 
lines in Fig. 2 and the proportion of 
light in the flicker cycle. The por- 
tions of Fig. 3 which deviate from 
the straight line are on the upper left 
(2% and 5% light-time), and at the 
lower right (90%, 95%, and 98% 
light-time). The slopes for 2% and 
5% light-time are not much higher 
than for 10% light-time, and for this 
reason the points drop off to the left. 
With 95% and 98% light-time the 
slopes do not decrease in the same way 
the slopes corresponding to those be- 
tween 10% and 90% light-time de- 
crease. Beyond an LP of 90%, fur- 
ther increases in the light-time resulted 
in an increase of the CFF-age slope. 
This was in contrast to the relation- 
ship observed from 2% to 90%. 


Discussion 


Among the conditions known to in- 
fluence CFF is the relative light propor- 
tion of the flicker cycle, but the CFF- 
LDR function has not been well defined. 
The only consistent relationship ob- 
served by the majority of the investiga- 
tors is that, beyond an LP of 50%, CFF 
decreases as light-time increases. Dis- 
crepancies in the experimental studies 
appear primarily in (a) the relationship 
between CFF and LDR with light pulses 
shorter than 50% of the cycle, (2) on the 
specific rate of decline of CFF beyond 
an LP of 50%, and (c) on the particular 
LDR where CFF reaches a maximum. 
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The CFF-LDR function obtained in 
this study is not intended to resolve 
the diversified results of the previous 
studies (1,3,7), particularly since Landis 
(9) has demonstrated that the interaction 
‘of various physical properties of the 
stimulus, such as intensity and area, 
results not only in a change of the posi- 
tion of the curves but in the direction 
of their slopes. The significant aspect 
of the results obtained with the flicker 
fusion apparatus in this experiment, 
‘other than the form of the function, 
is the indication that the chronological 
age of O is another interacting variable 
in the determination of the CFF-LDR 
relationship. The brightness of the 
‘surround, however, does not appear to 
add to the interacting factors since the 
shapes and slopes of the two curves were 
the same. The effect of the two sur- 
round luminances resulted only in a 
shift in the position of the curves on the 
frequency axis. 

The analysis of the CFF-age curves as 
a function of LDR demonstrated that 
the variation of the light-time of the 
flicker cycle produced changes in O's 
fusion threshold. Of greater significance, 
however, is the fact that the sensitivity 
‘of CFF as an indicator of the visual 
aging process was enhanced under the 
conditions of stimulation provided by 
the lower light-times. The total drop 
in CFF as a function of age is largest 
and about equal for the light-time per- 
centages of 2%, 5%, and 10% for both 
‘conditions of surround luminance. Be- 
tween 10% and 75% light-times the 
decrement in foveal CFF is inversely 
proportional to the log light-time/dark- 
time, Further increases in the light- 
time to 95% and 98% resulted in an 
inflection of the Slope-LDR curve indi- 
cating that the slope of the line express- 
ing the CFF-age relationship increased 
slightly. 

It should be kept in mind that this 
experiment was conducted using the 
uncompensated luminance method. The 
increase in luminance accompanying the 
increasing increments in the light per- 
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centage of the cycle makes it difficult 
to ascribe clearly the effects to either 
LDR or luminance. The results ob- 
tained by Coppinger (4) with an LDR of 
1:1 demonstrate that the rate of decay of 
the CFF-age slope increases when the 
level of stimulus brightness is increased, 
This is in contrast to the results of this 
study in which the slope decreased when 
the light-time and, in consequence, the 
level of stimulus brightness increased, 
The range of test area brightness used by 
Coppinger (.09 to 1.74 ml.), however, is 
too limited to provide evidence for the 
Proposition that the various differences 
among the age groupsis clearly not attrib- . 
utable to the changing luminance levels. 
Itis also possible that there may be an in- 
teraction between luminance and LDR. 
Thus, the lower levels of test area 
luminance, together with the lower 
LP levels, may have produced the effect 
such that any increase in luminance 
could have abolished the effect. Clearly, 
the relative contribution of each of these 
variables should be determined. 

In tests of sensitivity of an O, his 
verbal or motor response to a visual 
stimulus is obviously the terminal reac- 
tion to a long chain of events. Thus, 
if response thresholds vary with age, 
it can be safely assumed that the effec- 
tiveness of the stimulus at any or several 
points from the receptor to the effector 
has been altered and may involve condi- 
tions which are ophthalmological, cardio- 
vascular, and/or neural in nature. With- 
out attempting to speculate in terms of 
the formulation of any specific causative 
factor, Coppinger maintains that "many 
of the structural and functional changes 
associated with aging are qualitatively 
similar to the diseased and artificially 
induced conditions which lower CFF 
in younger persons" (4). Therefore, 
in line with this reasoning, and in 
view of the differential effect of LDR 
as noted in this study, it seems reason- 
able to anticipate the likely hypothesis 
that the effect may be manifested in 


"situations other than the aging process. 


A review of the literature reveals that 
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possible evidence to support this propo- 
sition is provided by the findings of 
Davis (5). In her investigation, fusion 
thresholds were determined using both 
an episcotister (50:50 LDR), and a 
Strobotac (1:99.9 LDR) at three levels 
of stimulus brightness: .195, .75, and 
3.0 ft.-c. The thresholds provided by 
the Strobotac with the shorter LP proved 
to be more sensitive indicators to the 
physiologic change induced by chemical 
agents. This was true at all test area 
luminance levels. 

The literature is replete with state- 
ments concerning the effectiveness or 
ineffectiveness of CFF as an indicator 
measure, but very few investigators 
have been concerned with the determina- 
tion of the stimulus conditions which 
enhance the use of CFF as an indicator 
response in the assessment of the neuro- 
physiological condition of O. Aside 
from purposes of standardization, there 
is no a priori rationale or any experi- 
mental findings which suggest the con- 
tinued use of the conventional 50:50 
LDR under one level of luminance in 
flicker research. This observation has 
also been made by Winchell and Simon- 
son who state that "the importance of 
the standardization of LDR would de- 
pend on the magnitude of changes 
produced by its variation, and on the 
sensitivity of the CFF at different LDR's 
in response to physiological stress" (16, 
p. 188). 


SuMMARY 


. Binocular critical flicker frequencies (CFF's) 


were determined for 108 Os ranging in age from 


13 to 89 yr. The light pulses were in the form of 
square waves activating à glow modulator tube. 
The ratio of light-time/dark-time in the flicker 
cycle was varied systematically from 2/98 to 
98/2. The uncompensated luminance pro- 
cedure was used. The test field consisted of a 
circular test area of .6° subtense shown at the 
center of a circular 17° surround, Tests were 
made at surround luminances of 23.6 and .04 ml. 

The major results were: (a) The relationship 
between CFF and age is linear and negative 
for all LDR levels under both conditions of sur- 
round luminance. (b) The decrement of CFF 
with age is a function of the light-time percent- 
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age of the flicker cycle. The differentiation 
between age groups is more pronounced at the 
lower light-time percentages, (c) The light- 
time percentage at which the maximum CFF 
occurs is a function of the chronological age of 
O. (d) The change of the surround luminance 
resulted in a shift of the position of the CFF- 
LDR curves, but the shape and slope of the 
curves were not altered. 

On the basis of the results it was suggested 
that the use of lower levels of light-time in the 
flicker cycle, rather than the conventional 
50:50 LDR, would enhance the sensitivity 
of CFF as an indicator measure. 
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